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PREFACE. 


This volume has been compiled to supply the want felt bj 
a large number of teachers in public and private schools 
of a Class Book for Junior Students. .Its purpose is to 
convey, in clear and concise terms, general notions of all the 
principal divisions of Physical Science, illustrated copiously 
by diagrams, showing the forms and arrangement of apparatus 
and the manner of performing the most important experi* 
ments. 

Each of the subjects briefly explained here is fully deve> 
loped in all its details, and more amply illustrated, in the 
corresponding parts of the Hand Book of Natural Philo- 
Bophy,” which should always be in the hands of the teacher, 
who, by oral instruction, will then be enabled to develop 
each point, and illustrate it more or less fully, according to 
the capacity of the pupil. 

It may be hoped that this volume may be the means of 
extending instruction in the first notions of Physics into 
Ladies’ Schools. Female teachers in general will find even 
the Hand Book easily intelligible, and by it will be enabled 
to use the present volume for the instruction of their pupils. 

The Table of Contents is so composed that the teacher 
can form from it Questions for the examination of his Class, 

' the Answers to which will be found in the corresponding, 
paragraphs of the volume. 




OOlfTENTS. 


CHAPTER L 

QBHBKAL PROrBBTIBa OP BODIES. 

Sect. . Page 

I. ConstUation of the world • - i 

z. ClAiiiflcatfon of bodieft—examplea 

of&olida - • - - - i*ft. 

$. Liquids and gases . « . t6. 

4. Qualities of matter, general and 

special m m • m ^ ib, 

. General properties • • • ib, 

. Special properties- • . • ifr. 

2 . Phenomena defined • - - 16 . 

• Physical agencies defined • • ib* 
9. Hypothesis defined • • • ih* 

10. Theory defined • . • • ib* 

II. Physical 'law defined • • • ib* 

11. Eitension ..... a 
i>. Molecules of the same and dilferent 

bodies ib 

14. DlTlsibillty distlngulsl^ed firom de- 
composition , - - • ify 

15. Example of decomposition in the 
case of water - - - • ib 

16. Pores ib, 

17. Density 3 

ifi. Impenetrability .... ib. 
19. Apparent penetrability of air • . ib. 

20. Compressability .... ib, 
II. Elasticity - - - , . - 16. 

11. Divisibility practically unlimited * ib. 
13. Examples of unlimited divisibility' 
—marble, gold, and glass . - ib, 

24. 'Wollaston’s wire, soup bubble, in- 
sect’s wings, gold lace, drop of 
blood - . - - - ~ ib, 

1|. Animalcules, shells, and Bilan slate ib. 
20. Sulphate of copper, grain of musk, 
spider's web, strychnine, salt of . 
sulphur ..... 4 

17. Examples of porosity — liquid forced 
through pores of wood and 
gold lA. 

18. Filtration— chalk, stones in bottom 
of sea, percolation in caverns 
and grottoes - - - • ib. 

19. Compressibility illustrated; rail- 
way chairs, compression of stone 
columns in architecture, qf me- 
' tail and liquids, experiment In 
the compression of water - m ib, 
go. Elasticity illustrated; Ivory ball 

flattened, steel spring ' - • fo. 

|i, Eiatticity of torsion . . s 


Sect. 

31. Dilatibility and contractibility ; 
metal Mrs expanded and con* 
tracted applied to rectIQr the 
walls of buildings • • • 5 

33. Expansion and contraction of all 

bodies with the change of sea- 
sons - - - • - * fb. 

34. Inertia *.-•*. 

33. Why alt bodlei'fn motion are gra- 
dually retarded * • - • ib* 

|6. Cciuses of this retardation • m ib,, . 

37. Examples of inertia ; eSbcts of 
'*idaen stopping or starting of 
carriage, leitping from carriage 
in motion, coursing, doubling of 
the bare *.*•*• 6 


CHAP. II. 

SPBCIAD PROPEKTIBS OP BOD1B8. 

38. Properties which vary in degree - 6 

39. * Density- - - - ’ • • ib, 

39 Hardness - • - • * 

40. Flexibility and brittleneia . - 7 

41. Malleabiifty — examples of this In 

iron works, making rails and 
rollers ----- • ib* 

4Z. Annealing - - . - - - 16. 

43. Welding. - - - - • ib. 

44. Ductibiiity - - - * - 

45. Tenacity, not inconsistent with 

brittleness - - ... I'd. 


CHAP. HI. 


POaCB AMD MOTION. 

46. Force defined ; eflhct of two or 

more forces in tbe ssnne or op-~ 
poslte directions . • - S 

47. Velocity, how estimated - • ib. 

48. Equilibrium • • 

49. Rflbct jof two forces in different di- 

rectlons - - . . - - fo. 

50. Case in which the forces produce 

pressure but not motion - • 9 

51. The parallelogram of forces- • *• 

51, Components and resultant - • A* 

53. Composition and resolution of 

forces •••••»• 



CONTENTS 


Seoe. 


Page 


54. Virious combinations of forcos 
' tnaf have the same resultant - 
5$. Examples of the composition and 

resolution of forces - - *10 

Swlmminv across a stream - • ffr. 

S . Vessel impeiled bj wind and tide ib, 
» BlUlard fdaying « - - • t‘b. 

59, Motion absolute and relative — 
man walking on the deck of ves« 
sel sailing - - - - - fk* 

6a Gymnastic feats — feats in the 

circus . • • . • xt 

61. Momentum or moving force - ib, 
6x. Momenta of unequal masses hav- 
ing the same velocity 
63. Example in the case of hells 
64. Cannon and musket balls 
65. Collision of bodies — action and re- 
action equal and contrary • 

% — I 


66. Qualified explanation of this law • 

67. Collision of bodies moving in op- 

posite directions . 

68. Examples of action and reaction • 

69. Collision of railway trains • 

70. Of steam-boats • . . • 

71. Combats of pugilists - 
/a. Collision of elastic bodies .—appa. 

ratus to illustrate this, consisting 
of elastic balls - - • - 


CHAP. IV, 


ih. 

ib, 

iz 

ib, 

ib, 

ib. 

!bl 

ib. 

r *4 


ib. 


71* 

74* 

li: 

77- 

7®. 

79- 

80. 

81. 
81 . 
81. 
84. 

12 : 

87. 


. ib. 


«9- 

90. 

91. 


oaaviTY. 

Vertical line and horiiontal line • 15 
Surface of fluid at rest horiiontal, 
plumb line vertical • - - 16 

Terrestrial gravity - - - ib. 

Body falling has accelerated mo-# 
tion ------ eA. 

Law of acceleration shown In nu- 
merical table - - • • ib. 

Experimental verification by At- 
wood's machine - - - 18 

Parabolic curve of projectiles— 
hnrixontal projectile 
Oblique projectile - - - 

The drop of the ball In shooting - 
Unlvers.il gravitation - - - 20 

Weight pioportmtisl to the mass - tb. 
Gr.ii it> acts in the compound par- 
ticles separately - - fb, 

Ceiitie of gravity - - - • ib. 

Its posit lull with rel..tion to the 
point ot iiupport — stable and un- 
stable oquilibriom - - - 21 

Line of direction — its position In 
relation to the base ... ib. 
Efibct of the position of the centia 
of gravity of load on a carriage, 
legs of table, the base of the 
feet in walking, use of the knee 
Joint, wooden legs, porter car- 
rying a load, walking up a hill 
and down a hill, sitting in a 
chair ----- w t6« 

Experimental Illustration of atable 
and onitable equilibrium - -23 

Neutral equilibrium — properties 
of centre of gravity illustrated - ib. 
Peats of public exhibitors— spln^ 
ning-top - • • • • X4 


92. 

9J- 


CHAP. V. 

OXXfTXirUOAL VOBOX, 

> Page 

Tendency to fly from the centre 
in cirrular motion . . • 

Centrifugal force proportional to 
the squ.ire of velocity, other 
things being the same 
94, Proportional to the weight of the 
string, other things being eoual 
93. Proportional to the weight of the 
body, other things being the 
tame 

9$ .* General expression for centrifugal 
force — — 

Experimental Illustration by a 
-vhlrlin^Ubte . - - - 

Examples of centrifugal force t 
horseman in a ring, turning a 
cornel, stone in a sling, whirling 
a bucket of water, water in tubes 
upon a whirling table, centri- 
fugal drying machine for laun- 
dries - - ' - - - ~ ib. 

EITeot of centrifugal force on the 
form of the earth 


. 24 


- ib. 


tb. 


56. 

97. 


ib. 


- 27 

CHAP. VI. 

UOLBCULAX FORCE. 

99. This force exerted between par- 
ticles at imperceptible distances 29 
foo. Cohesion - - - « - t6. 

foi. Cohesion of liquids - - • ib. 

102. Shot manufactory - • » ib. 

103. Mutual repulsion of molecules of 

gases, unlimited expansion of 
gases -•--,« go 

104. Adhesion; examples— wrijting 

with chalk, pencil, or charcoal ib. 

105. Adhesion of solid surfisegg ; eflhct 

of adhesion in locomotlvo en- 
gines - - • - - » ib. 

106 The bite In working metals - 31 
107. Effect ot glues, cements, and 

solders - - - - * ib. 

to8. Silvering mirrors; adhesion of 

caoutchouc - - - • ib. 


CHAP. VII. 

XLEMENTl or MAC&INBRT. 

109. Machine defined ; example of * 
horse raising weight ; steam 
piston - - - - - 31 

If a Power and weight defined - - fb, 

111. Equilibrium defined - - ~ ib. 

tiz. Maxdiines simple and complex - ib. 

113. Lever; its axis, Ihlcrum, or projT 32 

114. Leverage of the power and 

weight - - - - - ffi. 

115. Mccbanfral eflbei of the power 

and weight bow estimated - ib. 

116. Three kinds of levers - - « ib. 

117. Lever with equal arma— >tha ba- 

lance - - - - •> ib. 

ti8. Weighing fnstrumeiiU • - n 

119. Steelyard • • . « A* 



CONTENTS. 


XI 


Page 

:r<f. 

ib. 

17 

- 18 


Sect 

xio. Letter Valance - 

1 21. Spring iteel yard 

122. Crow oar; chopping knife 

f zj. Weighing machine! - 
rz4. Wheel and axle - 

125. "Windlrtss - - - , - 

120. Wheel work; endless bands, 

rough edges. . - - - 

127. Tooth and pinion • ■ « 

fz8. Crown wheels, bevel gear, rack 
and pinion 
Pulley 

Its inochnnicHl principle 
Various forms of pulley 
Inclined plane • . . . 

w. Wedge ----- 
fj4. Kx.*iniplc8 of its application 
i;5. Cutting and pressing instru- 
ments ; angles of their edges - 
Screw - , - 

Kxamples of !t.« application 
Manner of cutting it • 

Micrometer screw 
Kndless screw or worm 
Kftgulators - V - 
Tilt! governor 
Main -spring and fusee 
Varying ratio of power and resis- 
tance - f • - r - 44 

Varying action of a crank - - ih. 

Effect of a flly.wheel in equalising 
these 

147* JSrhe pendulum - . 

148. Its application to clock-work 

149. Hammer driving a nail 

150. Life-preserver; Bails - 

151. Screw press • 

Kdlling mills • - - - ro. 

Application of the By in the coin- 
ing press, and in cutting and 
piercmg patterns • - - $1 

Principle of work - - - - iV^. 

Expedients for modifying motion 52 
Transmission of rotatory motion 
by bevel wheels . * - - fh. 

157. Hook's joint - - - - - ib, 

158. Escapements - - - - 16. 

159. Method of working a sledge-ham- 

mer - , - - - - - «6. 

160. Shears ------ 53 

161. Treddle of lathe - - - - 

162. Beam of steam-engine - - ib, 

16}. Gimbals — their appllcfttion to 

- 54 

- ib. 

- ib. 

- ib. 


119. 

no. 

ijz. 


lj6. 

;is: 

IJ9. 

X40. 

141. 

142. 

143. 
144 - 


151. 

153 - 


154 - 

Ifl: 


4* 

ib, 

.!? 


ib, 

- ib. 

lit 

- ib, 

- ib. 

- ib. 


46 

: 

. ib. 


mariner's compass • 
164. Ball and socket - 
Cradle jointi 


Itl 

169 

170 
> 7 * 
172 
*73 


Hinges 
Trunnions « 
Axles - ^ 

Telescope Joint 
Bayonet joint 
Cl^ps 
Couplings - 


: : 

Couplings of wheels on same 
shaft t&. 

174, Resisting forces - • . ' - 58 

X75* Effects of hriction - - • ib, 

X76. Expedients to diminish thenr • ib, 
177. Pivots df pendulum and b^nce • ib, 

X78. Selection of lubricants •' • ib, 

279* Rollers '• » • - <9 

180. Sledges - . . - A: 

181. ^viifgbegTf blocks by roHers • 60 

iSi. Carriage wheels ' ib. 



Sect. 

i8|- Gaston • * 

184. Friction rollers - 

185. ' Lipe of draught ‘f 

180. RMlway - i.> 

187. Breaks 

188. Break of diligences A- ^ 

189. Stopping boat with cabi 


CHAP. VIII. 

MOniNO POWERS, 

X90. Prime movers ; animat power, 
water, wind, steam, weights and 
springs' . . - - . 64 

Methods of applying animal power Sb\ 
Human labour - - - *65 

Spade labour . - • - ib. 

Application of horse power as a 
prime mover .... g’b. 
liorse power deflned - - - 6 * 

W liter power . - - i. - 67 

Wind power - - - - • ib. 

Heat, source of power — ^mecha- 
uical power developed by the 
evaporation of water - ib, 

19^ Heat, source Of moving power - ib. 

200. Mechanical virtue of coal - - ib, 

201. Examples of the extent of its 

power - - - 

202. Springs and weights ■> 

203. Power exerted by water in freez- 

ing ------ 

204. Power developed by chemical 

combination or decomposition — 

\ gunpowder - - - - ib. 

2or. Gun cotton - • - - • 69 

200. Porce of capillary attraction - it», 
207. The perpetual motion - - ib. 


191. 

192. 
195. 
194. 

197. 

198. 


68 

ib. 


- ib. 


CHAP. IX. 

HYDROSTATICS. 

208. Division Into hydrostatics, hydro- 

dynamics, amt hydraulics - ” 7> 

209. Liquids practically incompres- 

sible - - - • ib, 

210. Free transmission of pressure by 

liquids . - - • . ify^ 

21 f. The hydrostatic paradox - • ib. 

212. Hydraulic press - - • ' • 72 

2x3- Pressure proportional tq depth • 73 
214. Example of the transmission qf 

pressure - • - - • ib. 

2x5. Water apparatus foi* theaupply of 
towns - - - - - ' 

yz 6. Pressure at great ^depths in the 
sea 1 exainple-~divers - - 

217. Level surface of liquid - • 

218. Demonstration of this property — 

why land is not level like tiVe 
sea “ - - - • *• ‘ib. 

2x9. Experimental verification - •• t6. 

220. Fountain ink bottles - « - 75 

221. Canal locks - - - • ib, 

222. Adajitation of spouts to tea-pots, 

kettles, &c. • - . - - t7i. 

,223. Levelling instruments • « * 7 ^ 



COiTTENTS- 


xii 


* Vagm 

•14, BMtnptet of the play of the«e 
pHnciplet upon the lurface of 
the earth — aprtngi. rivert, 
wells 77 

aay. Solids sink or swim In liquids 

underocrtaln conditions • * 7^ 

tl6. Buoyancy 

ai7« Play of these principles In sub* 
marine engineering - • • 

ai8L The buoyancy of the human body 


• t6. 


- 


119. Buoyancy produced by peculiar 
forms*-eaamples of ships. Iron 
boats • - - - • 79 

ajo Water fowl— Ashes - • - rO. 

aji. Efflux of liquids from vessels and 

reserroirs ----- So 
gji* Ornamental water works, Ver- 
sailles, Sydenham Pal-ite - - 

Ancient clepsydra or water pump 81 
034. Subterranean sheets of water • Sa 
ass* Artesian wells - • * - Ssj 

ajo. Resistance to a solid moving 
through liquids— solid of least 
resistance • - - - - tS. 

aty. Forms of vessels - • •* - 

asS OfAshes . • - • * g4 

asp. Propulsion of vessels py paddle 
wheels • - - - • 

a4oa.7 loesses of power in paddle C id. 
apoS.t wheel - - • - { 85 

t ajo. Screw propeller • - • • tb.\ 

a4i« Wheels for raising water - • 86; 

a4a. Water applied as a moving power 
—overshot, undershot, and breast 
wheels r8 

a4s*. SpeciAc gravity • • - *87 

a44*« Weights, absolute and relative • 88 
a45*. Standard of speclAc gravity - t6.* 
a46*. bpeclAo gravity of gases and va- 
pours - - - • - -fft* 


* 41 - 


* 45 * 

046. 

*47 

148 

* 4 P- 

ayo. 

ayi. 
ayi, 
*51 
* 54 - 
* 5 i 
*1 


aoo. 

a6i. 

a6a. 


CHAP, X, 

PNEUMATICS. 

Compresslonofair— Marlotte*s law 8t 
Weight ot atmosphere measured 
by barometc rs - - - • tb 

Conbiruccion of barometer - - r6 

Demonstration of the etfbct of the 
atmosphere - - - • th 

Another deinonstratfoii - « tb. 

Measurement of hei'i'hts of moun- 
tains - • - - 90 

Vert leal, diagon, and h heel ba- 
rometers - - - - - 16. 

Variation of atmospheric pres- 
sure • 91 

F ffei ts of atmospheric pressure - 93 
Suction - - - - f6. 

Insects walking on rollings - tb^ 
Bladder glass experiment - - td« 

Magdeburg hemispheres - *94 

Ascent of bodies lighter than air 
In the atmosphere - - * 95 

MontgolAer’s balloon - - * to 

Hydrogen balloons - - • $b, 

Blethoas of Ailing them - - 96 

Ascent of Messrs. Charles and 
Robert ----- 97 
Parachutes - • - . - ^ 

Kites - - • - . - 99 

Air gun - - - - - fA. 

Kxperlment with Inverted glass • 100 


Sect. , ’ P»g8 

265. OasomeCer • - • • - 100 

DiTingbell ■ • • • - tA. 

1267. Bellows - - - • - f8. 

VeDt*peg, pneomatic Ink bottle, 
birdeege, fountain, decanting 
wine ------ 101 

169. Instruments for rarefying and 

condensing air - - • - 108 

170. Exhausting syringe • - • ib* 

ayi. Condensing syringe - - - 16, 

aya. Air gun • - - - - 105 

ayi. Air pump • - - - • 18. 

a74. Wind mills - - • - • icq 

ays. Siphons • - - • tb. 

ayo. Common bouse pUmp « •* 106 

ayr. Force pump - - - 107 

ayg. Fire engine , - • « 108 


CHAP. XI. 

SOUHO, 

279. Sound produced by undulation of 

air • - - - - * 108 

a8o. Absence ofairde8tro>s sound • ib. 
a8t. Propagation of sound progressive 109 
a8a. Magnitude and velocity ot sono- 
rous waves - • - - sio 

aS}. Musical sounds * - • • tb. 

Z84. Pitch • - • - • - tft 

aSc. Intensity or loudness - • •111 

a^ Timbre or quality • - - t6- 

aSy. All sounds nave the same velo- 
city - - « - • - lA. 

a88. Velocity varies with elasticity of 

medium— ex per iniAntt at Paris lA, 
289. Determination of velocity of 

sound by observation of Hashes - 1 12 

290 Loudness vanes with density of 

air— case of sound inroducea in 
diving bells, and balloons, and on 
high mountains - - - m tb. 

291 Effect of atmospheric agitation on 

sound- - - - - • lA. 

292. Sound prop igated through liquids 

293. Throuah solids - - - - «A. 

2^. Effects of temperature, electricity, 

on the transmission of sound- 
why sound is heard at a greater 
distance at night - • • tb. 

295. Effect of the solids of the human 

body conducting sounds - - 1 14 

296. Thamonoebord - - - - tA. 

2^. Rate of vihraUoBs of strings - sig 

298. Rate of vibration inversely as the 

length of the string - • • lA. 


CHAP. XIL 


299. Bodies luminous ai/d non-luml- 

nous 116 

300. Transparent and opaque * • lA. 

301* Imperfect transparency - - lA, 
302. Rays of light • - • - «A. 

I<^. Luminous point - - • • tA. 

304. Pencil of ra>s - - - - fA. 

305* Fonaof shMowa- • • * 48 , 



GOlSTmT^* 


xiii 


3 * 7 - 

jiS. 

3*9* 


PW 

ptaunbra • • « • • iio 

iSr. Entity of light Inwwly u 

square of dlttanco ' • * • I17 

, 308. Reflection of light from plane 
juirfaees 

109. Image In looking glam - - iifl 

tio. Imues in cohYex and concaTo 
reflectors - - - 

111. Refraction - - , - , - Ifp 

ill. Refraction through stteeesfiTe . 

- media - - - - - ilj, 

314.. Prirm - - - - • - fo. 

315. Deflection of ray by prism • - .th. 

310. Reflection of r» from the in* 
i temal surface of prism * - J90 

1 317. Total reflection • • « *, i*g. 

'«ig« Lenses— *dll^eren|^^'>rms •' • ib. 

319. All others reducmle to doable 

concare and double convex - xai 
3aa Double convex lenses increase 

convergency - - - - fh*' 

ytu Principal (bcus * i • • ixa 

Coidugate focus • - • * ib* 

3x3. Image formed by convex lens - td. 
324. Composition of solar light * • ib. 

32$. Prismatic spectrum • 114 

326. Corroboratory experiment • ffl. 

327. DUfePeht refrangibility of dif- 
ferent colours • - • ib% 

Combination of colours produc- 
ing white - • - '• (b» 

Series of coloured images pro- 
duced by convex lent - - ffl. 

330, V^)iy eoges of objects seen 

through cut glass are coloured xt| 

331. Achromatic combination • - xao 

33a. Polarisation— Illustration of po- 
larised m ib, 

333. Polarisation by reflection » - X27 

334. Polarisation by refraction - - ib, 

3}<. Double refraction - • - fA. 

330, Interference - - - - fg. 

337. Inflection or dlfflractlon - - 16. 

338. Structure of Che eye • - - ih. 

339. Optic axis ----- iz8 

340. Connection of the eye with the 

brain - - . * - - r'A. 

341. Retina - - - - - 129 

342. Iris and pupil . • • - tjo 

343. Aqueous humour - - - lA. 

344. Uses of eyebrows, eyelids, and 

their accessories - - - fA. 

34$. Effect of convexity of cornea and. 

crystalline ----- fA. 
346* Esmrhnental proof of existence 

of ocular image - - - fb, 

347. Defects of vision - - - - xti 

'Weak sight - - - • , ~ tb. 

{49. Short sight - - - - - I'A. 

350. Remedy for weak sight - - ib, 

351. Spectacles for weak sight - - >A. 

352* Remedy for short sight - - 132 

353. Opacity of humours - - - to. 

'354. Continuance of impression on the 

retina . - . . . lA. 

355. Why winking does not intercept 

vluon - • . - - - A. 

356. Flash of lightning . - " - / - fA. 

3S7« Conditions on which a moving 

object is vIsiUe . - - - fA. 

{38. Why a cannon ball Is sometimes 

seen, and sometimes not - • 133 

359 Effect of the illumination of a vi- 
sible oldect - - • - f A* 


lli: 

1 ^: 

IT*' 


Papa 

Perception of rapidly moving -ob- 
Jecu — railvray traina. lijlited 
ttiak - * * - 'T " 731 

Optical tm and flraworks. • - ib. 

Colour blindness — remarkable 
■ examples - > - • -134 

Case of Or* Dalton • - 135 

Apparent magnitude - ,- - - lA. 

Varies Inversely as the distance • 1x6 

Examples of the sun and moon • tA. 
Microscopes and telescopes- - 137 
Least distance of distinct vision - t'A. 
Convex lens enablps us to see 
disttoctty at a less distaflce - ib. 


Magnifying glasses, methods of 
mounting r* 


\ them- 


371. Microscopes, simple and oom- 


- 138 


- ib. 

: 

?»♦» 


pound 

372. Simple microscopes - 

373. Method of mounting them 

374. Compound microscope 

ItT. Telescope - - - 

370. Reflecting teleseope - 

377. Gregorian telescope - 

378. Neartonian telescope - 

379. Telescopes of Hbrschell and Lord 

Rosse- • - - - - t*A. 

380. Lord Rosse's large telescope • ib. 

381. '-Lastell and Nasmyth's telescopes i*A. 

382. Refracting telescopes - - - fA. 

383. Two kinds - - - - - A. 

384. Galilean or opera glass - • tb. 

385. Astronomical telescope - • 

380. Magic lantern • . • - tA. 

387. Its accessories and methods of 

using it - - » ' - 

388. Adaptation of screen - - 

389. Dissolving views * • 

390. Solar microscope 

391. Camera obscura - • « 

392. Different ways of mounting it 

393. Camera lucioa # - * 

394. Kaleidoscope * • • 

395. Stereoscope - • -g - 


t*A. 

:\t 


- ib. 

• 

• 152 


CHAP. Xill. 

BEAT. 

396. Sensible beat- . . - . 

“fyu Latent heat - - - 4. - 

398. Dilatation and contraction - 

399. Fusion and liquefaction 

400. Vaporisation and condensation - 

40X. Incandescence - - • 

40a. Combustion - • - . 

403. Thermometers and pyromaters 

404. Cooduetlbillty - - - - 

405V. Convection • - - - - 

40|. Radiation— thermal rays 

400. Dlathermanous bodies - • s 

407. Reflection of heat - - - - 

408. Rays of beat refrangible 

409. Dlsbrent sense of the term heat - 
41a Changes of temperature measured 

by variation . . - • 

411 . Mercury the best thermometrlc 

fluid 

41a. Mercurial thermometer 

413. Method of constructing it - 

414. The freeaing and boiling points 

—meaning of a degree 


15a 

ib. 

iJb. 

ib. 

: U * 

- ib, 

2 ib. 

- fA. 
fA. 
156 

fA. 

fA. 

A. 

*57 

A. 



xiv 


COUTENTS- 


411 . 

411. 

4 ZJ. 

444. 


417. 


S 4 Ct# PAgd 

41C. Themnometrleicalei • • ' . 1 57 

416. Differential thermometer • - A. 

417. lyrometer • « - - 158 

418. S^rce of dilatation and contrae* 

tlon f <9 

4Y9. Magnitude of moulds • - • tb. 

420* Iron hoops for barrels - - ib» 

Compensators in metallic struc- 
tures ...... 

Effect of sheet lead or sine on 
roofs ...... A. 

All gases and vapours equallv ex- 
pansible within certain limits - ido 
Ventilation and warming of 

buildings ... . . /A. 

Open chimneys and close stoves id. 

Strata and currents of air in 
rooms ..... 161 

Waste of fuel in open flre-placV»8 
— warming buildings by currents 
of hot air - - - - - ib, 

417*. Warming buildings by hot water 16a 
4x8. liquefaction of solids ... i6| 

439. Hate of dilatation of liquids not 

uniform ; point of greatest den- 
sity of water . - - • 0. 

430. Latent heat of liquefaction - . ib. 

431. Uses to which this subserves in 

nature - - - - . * t6. 

43Z« Principle of freezing mixtures . 164 

43] . Vaporisation of water . . . t^. 

434, Water vaporises at all tempera. 

tnrea.-mechanieal force of eva. 
porallon • i6|l 

415, Condensation of gases . - • 0 . 

436. Latent heat of vapour « - 166 

Distillation - - - - -id. 

Conduction and conductors . 167 

Uses of non-conductors - - i6» 

440. Example of this In the animal and 

vegetable economy - - • ib. 

44r. Examples in gardening - * 169 

44Z. Preservation of ice from fusion - ib. 

44] . Examples of eifecc of noii-con- 

ductors - . - • • ibm 

444. Radiation of heat - - - 170 

445. Radiation siiperdcial-..illustra. 

live experiments . - • tb. 

446. Radiation, absorption, reflection, 

and transmission illustrated - 171 
447* Metals for vessels to contain hot 

liquids r&. 

448. Polished stoves - - - . 17* 

449. Helmets and cuirasses - - tb. 

450. Moisture formed on window 

panes ib. 

451. Theory of dew • - - ~ tb. 

45Z. Not deposited under a cloudy sky tb. 

45] , Method of producing ice - - tb. 

4S4. Combustion<.-flre~>fiame . 

Supporters of combustion • 


439- 


Gombustlbleir— fuel . 


Carbon 


:T. 

. t*6. 

- ib. 

- *74 


45S. Its combustion - 
459. Explanation of this phenome- 
non .- production of carbonic 

acid ib. 

46a Hydrogen, its combustion • .- 0. 

461. Difference between combustion 
of hydrogeh and carbon . - 

461Z. Pit coal .... - jyg 

46]. Combustion of pit coal explained ib. 
464. Combuetion of wood ... 0, 
46 s. 01 oil and waxy substances • 176 


CHAP. XIV. 

uagnbtism. 

Sect. Page 

466. Origin of the term magnet— 

natural magnet defined • - 176 

4A7. Artificial magnets ... 1^, 
468. Distribution of attractive power . 0. 
469^ Poles in equator of a magnet . 177 

470. Experimental illustration - - ifc 

471. Hypothesis oftwo magnetic fluids 

— austral and boreal - - 178 

472. Coercive force - - - - 179 

473. Bodies susceptible of magnetism tb. 

47a. Induction - - - ■ - iA. 

470L Suspension of magnetic needles — 

their forms .... iSi 
477* Compound magnets ... 0. 

478. Polarity of magnetic needle - ib. 

479. Declination or variation . . i8z 

4to. Magnetic meridian, north and 

south . - - - - f&. 

481. Azimuth compass . - . ib. 

48Z. Mariner's compass . • - 0. 

483. Dipping need lo— artificial mag- 
nets— method of making them - 18] 


CHAP. XV. 


4f4. 

485. 

486. 

487. 

488. 

489- 

490- 
491. 
49»- 


493- 

494. 

497- 

498. 

499* 

50a 

501. 

50Z. 

5 QJ. 

504- 

vn- 

yo8. 


blbothioity. 

Kleetrlcity developed by fHction 184 
Ortginof tne terms—experlmental 
method of illustrating its laws - ih. 
Positive and negative fluid - i8s 
Effect of excess of one or the 
otlier - - • - • «A 

Hypothesis of two fluids • - ib. 

Prnnkiii/s hypothesis of a single 
fluid - - - . . . /A 

Decomposition by firlctton - . ih. 

Explanation of the experiment . 186 
Vitreous and resinous fluids— > 
conductors and non-conduc- 
tors - - - . - • 0. 

Metals the most perfect con- 
ductors ...... 

Insulators— their use • • • th. 

Insulating stools - - . m tb 

Atmosphere a non>condilctor - iby 

Rarefied air a non-conductor— ex- 
perimeutZ to illustrate this . tb. 
Water a conductor, but not a 
perfect one — consequent pre- 
cautions in experiments . - 0. 

Apparatus must be kept dry - 188 
Dttnision of electricity over con- 
ductors . • - - • 0. 

Connection of a charged con- 
ductor with the earth - . ib. 

The earth the common reservoir ib. 
Electricity follows tlie best con- 
' doctor - - - - • ib. 

Decomposition of electricity on 
conductors ... .189 

Induction . • . - 0. 

Its effect upon a series of con- 
ductors not in mutual contact - 0. 
Disturbance of electric cqitiU- 
brium by Induction . . - loo 

Electric shock by induction • lo* 



CONTENTS, 


XT 


Sect 

309. Effect produced ui^n a 


Page 

person 

■tandlDg near an electric charge 190 

510. Electrical machines - - • fb, 

511. The rubber - - - • - 

51a. The conductors . - • - lOi 

513. Common cylindrical machine - ibn 

514. Nairn's cjlindrival machine • tga 

51$. Common plate machine* - •to, 

516. Ramsden^s plate machine - • iO| 

517. Discharging rods ^ - • iS, 

51 & Jointed discharger - - * >95 

5x9. Universal discharger * - • ib. 

520. Conductor - - ‘ • • ib» 

C2X. Latent and dissimulated elec- 

tricity - - - - • ib, 

522. Blectrophorus - - - - 196 

523. Electroscopes - - - • m 

524. Quadrant electrometer - •A. 

525. Gold leaf electroscope - - tb. 

526. Condensing electroscope - - 199 

527. Leyden Jar - ' - - - - 200 

528. Eiectric shock - - - - 202 

529. Methods of discharging a jar - tb, 

530. Another method - - - . ib. 

531. Effect of the metallic coating • 203 

532. Method of demoi^stratiug the seat 

of the charge' - - - - ib, 

$33. Charging by t^scade • . • th» 

Electric battery - - - - 204 

Common battery - - • tb* 

Effects of points - - - - 205 

537. Electrical blow -pipe - - • tb. 

538. Mechanical effects • ^ . ib, 

539. Methods of exhibiting them - 206 

540. Wood split by electric charge - tb, 

541. Electrical balls - • -207 

542. Experiments with pith balls - tb, 

543. I>ancmff figures - - - - ib, 

544. Electrified water • - - - 208 

54c. Electri6ed sealing-wax - - tb, 

545. Toy composed of Tibrating 

beam #6* 

Development of heat in electric 
discharge— fusion of wires - ib, . 
This development greater In bad 
conductors . - - . 209 

Ether and alcohol fired • - ib, 

550. Luminous effect upon wire - ib, 

551. Electric spai k - . - -210 

Length of spark - - - - ffr. 

Means of varying these luminous 

effects - - - - - 

Liiminous letters and figures - tb. 
Transmission of ^ectrlcity 
through rarefied air— luminous 
aigrette ----- m 
Electric shock explaiped - - 212 

Secondary shock • 


533 

534 

ni: 


547. 

548* 

549 - 


55 »- 

553 - 

554 * 

555 * 


556. 


557 - « - 

558. Shock transmitted through a re- 
giment 'of soldiers —cell 


experhnent 
bridge 


ebrated 
Westminster 


213 


CHAP. XVI. 

VOLTAIC BLBCTUCITT. 

359. Decomposition by contact with 

different metals • - • -2x3 

s6o. Voltaic current— positive and 

negative poles - • - • ib. 


-Page 

561. Effect of sine, copper, and Acid - 214 
562* EOhetof two different saline solu- 
tions ,ib, 

563. Grove’s battery - - - • ib, 

364. Bunsen^s battery - - . • 2x4 

s 6 k, PaniePs 9onstant battery - . 216 

560. Compound voltaic combinations 

or voltaic piles . « - . ibt 

<67. Explaiiatlont of the principle - ib, 
568. Volta's original pile • - - 2x7 

56^ Couronne des lasses - - ~ ib, 

570. Gruikshank’s battery ... 218 

571. VToilaston’s battery - . ~ tb, 

5^. Effect of the earth itself - - ib, 
573. The earth completes the circuit - 219 
574* Use of water and gas pipes - - tb* 


CHAP. XVII. 

BLECTBO-MAOVETrSM. 

573. Effect of current on the magnetic 

needle - - - Z - 220 

376. Electro-inagnetlsm defined - . tb* 

577. Effect of spiral or helical cur- 
rent ------ f A 

378. Its effect Upon a rod of soft iron - 221 
579. Electro-magnetic induction - ib, 
5^ Rlectrn-magnets - . - • ib, 

581. How they constitute a mechanical « 

agency - - - • - 

382. Magnetic needle deflected - - 222 

383. Principle of galvanometer or 

multiplier ----- i'&» 


CHAP. XVITI. 

THERMO-BLBCTRIOITT. 

584. Thermo-electric current - - 224 

383. Hydro-electric currents — appa- 
ratus for their experimental ve- 
rification - - - - - t&. 

586. Thermal deflection of^the needle 225 

587. Deflection of the needle varies 

with the variation' of the tempe- 
rature - - . - • tb. 

588. Different conductors have this in- 

fluence in different degrees , - ib. 


CHAP. XIX. 
BLBCTRO-CBBMISTRY. 

389b Decomposition by a voltaic cur- 
rent 226 

390. Electrolytes and electrolysis - tb, 

391. The electrolyte must be liquid - ib, 

592. Example of the decomposition of 

water - • - - 

393. Apparatus for producing it • - 22V 

39^ Chemical discovery of Davy . 228 

593. Discoverjof thenewjnetaU - tb. 



XVI 


CONTENTS, 


CHAP. xk. 


CHAP. XXI. 


Secc. 

52 - 

. SS$- 

S99- 

6qo. 

6oi. 

<)QX. 

6 oi. 

604. 

605. 

6 o6a 

607. 

608. 

609. 

61 3 ^ 


BLBCTSO.MBTALL1IROY. 

Page 

Metallte aalto and oxldea deeom- 
poied • . . • • aaS 

Metallle bate disengaged • • laS 

The electrodes must m conduc- 
tors — metallising process - ib. 
Method of maintaining the 
strength of the solution • - Z29 

Example'of the decomposition of 
the salts of copper - . • fd. 

Method of ensuring the uniform 
thickness of the metallic coating ^ 
deposited . - • • - ih. 

Method of preventing the ab- 
sorntthn of the solution by tho 
body coated . * • • 2^0 

Method of depositing a partial 
coating 

Application of these principles In 


^dlngf^and silvering, and coat- 


- ib. 


fng with other metals 
Case where the coating does not 
adhere • • . • • 

Metallic coating of statuettes 
Method of prod Jting a metaHic 
mould - - - - - ... 

To reproduce an object In metal 231 
Method of producing stereotype 
plates . - - . . 

Metal deposits on cloth, lace, and 
other like fabrics — electro-me- 

apparatus - . • ib. 


4 b, 

ib. 

ib. 


BLHOraO-TBLXGBAPBT. 

Sect. Page 

61 1. Conditions on which telegraphs 

^ are constructed - - • - Byy 

6ia. tJsa of the earth itself In recon- 

dueting the current • . • • ib, 

61 1 . Underground system • - - ajS 

614. Telegraph signs — the ways of 
producing , them ; principle of 
the common needle telegraph • ib, 

6tc. Morte*B telegraph . . • 236 

616. 


Electro-chemical telegraphs 


- to. 


CHAP. XXII. 

' BLBOTaO-ll.LUMINAT10K. 

617. Electric light — method of produ- 

cing it - ‘ - - - • ib. 

618. Peschel's method ... ib. 

619. Its application to the microscope 238 


CHAP. XXIII. 

* HBDICAL BLBOTniCITT 

620. Early attempts at this • . 239 

6at. Duchenne's electro-voltaic appa- 
ratus t‘0. 

6 az. Pulvermacher*! chain • - - sai 


- lAt 


APPENDIX 



NATURAL PHILOSOPHY FOFSCHOOLS 


CHAPTEE L 

GENERAL PROPERTIES OF BODIES. 

1 . The bodies which compose the world around us consist of a 
substance called matter^ and hence the familiar terms, material 
universe^ material worlds material things^ and so on. 

2. Bodies exist in three different states, solid^ liquid^ and aeri* 
form or gaseaiis. 

Stone, wood, and metal, are solids ; water, oil, and wine, liquids ; and the 
atmosphere an aeriform or gaseous body. 

•3. Liquids and gases arc expressed by the common name of 
fluids. They differ from each other in this, that liquids are in- 
compressible Iluids, while gases are highly compressible. 

4. Matter has certain qualities some of which arc inseparable 
from it, and others merely incidental to it in particular states. 

5* Its general properties are extemiouy impenetrability y divisi^ 
hilityj porosity y compressibility y contractibilityy elasticUyy and iw- 
activity, y 

6. Its special qualities found in some bodies and not in others, 
and existing in infinitely Tarioiis degrees, are detisityy hardnessy 
softnesSy brittlenessy flexihilityy malleabilityy ductilUyy tenacity^ and 
various others. 

7. The physical changes to which bodies are subject are called 
pheTumieTMy a Greek word signifying appearances.'* 

8. Physical agencies arc the causes which produce phenomena 

when these causes are known. " 

9. Hypotheses are the supposed causes of phenomena whose real 
causes are not yet discovered. 

10. A Theory is an hypothesis which explains any collection of 
phenomena supposed to arise from the same cause acting under 
various conditions. 

ii« When phenomena of any class arc produced in a regular 

B 



2 GENERAL PROPERTIES OP BODIES. 

manner so that their recurrence under given conditions can be 
certainly foreseen, they are said to constitute a physical law. 

Thus, for example, that all bodies ivhich are not supported will descend in 
perpendicular lines to the surface of the earth ; that all liquid bodies will 
settle when at rest into such a position that their surface will be ievel ; that 
all aeriform bodies will, when submitted to compression, contract their 
dimendons ; and when relieved from that compression, will expand to their 
former dimensions ; are severally physical lawa 

[l2. Extension is the property of occup3ring a certain definite 
portion of space. In virtue of this property all bodies have sTuipej 
size, and position.^ 

13. It is demonstrated by a variety of phenomena, and by 
reasoning upon them, that all bodies consist of uUimait atoms which 
are infinitely too minute to be discoverable by the senses, even 
when aided by most powerful microscopes, but the existence of 
which is nevertheless ascertained by their effects. These atoms 
are combined together by a certain attraction so as to form par- 
ticles, which are still so minute as to escape the sense, and which 
are called molecules. 

These molecules are the immediate component parts of bodies. 

All the molecules of the same body are alike, but the molecules 
of different bodies are different. 

Thus, the molecules which constitute water are different from those 
which constitute air, and from those which constitute stone or metal. 

14. All bodies are susceptible of divisibility without any prac- 
ticable limit, since by no known means can they be ever separated 
into their ultimate molecules. So long as the molecules them- 
selves are not resolved into their component atoms, the process is 
called divisihilUy, but when through suitable agency the molecules 
constituting any body are resolved into their Constituent atoms, 
the process is called decomposition. 

Thus, for example, water may be divided without limit by being diffused 
in the thinnest imaginable stratum upon any surface, and still more minutely 
by evaporation; but its particles or molecules thus separated will still 
retain idl the properties of water, and when these molecules are reunited, 
the liquid will return to its original state. 

15. But if by any agency the molecules of water themselves are resolved 
into their constituent atoms, two gaseous bodies will be produced, one called 
hydrogen^ and the other oxygen ; the atoms of which, when united, consti- 
tute the molecules of water. This process is totally different from mere 
divisibility, and Is called decomposition. Such phenomena as decomposition 
and recomposition belong not to Natural Philosophy, but to Ghmistry: 
divisibility, on the other hand, is a property which falls within the proper 
limits of Natural Philosophy. 

16. The molecules which compose a body are never in absolute 
contact There ore always more or less unoccupied spaces be- 
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tween tbem. [The name of is sometimes gi^en to these 
epaces ; but this term is also applied to the visible cavities in such 
ei.bstanoes as charcoal or brick. In the latter sense, porosity is 
merely an accidental property of matter; in the former, it is 
generaL 

17. Densityj which was explained here in the former editions, 
will now be found in 39*. 

Hencefortli, unless the contrary is mentioned, the words porous^ pore^ etc., 
will bo used in the common acceptation.] 

1 8. Impen^rabiiity is the quality of matter in virtue of which 
two bodies cannot at the same time occupy the same spoce. 

The examples of apparent penetrability are coses of mere displacement. 
When a body is plunged in water it does not penetrate tiie water, but dis- 
places that portion of it whose place it occupies. 

19. That air, light and attenuated as it is, is impenetrable, is proved by 
the familiar experiment of inverting a common drinldng glass and plunging 
its mouth in water. The water will in tliis case be excluded from the glass, 
because the air which fills the glass is still there, and its presence is incom- 
patible with that of any other body. 

20. If a body be submitted to a compressed force, its com-* 
ponent molecules will be forced into closer contiguity, and the 
bulk of the body will be dimimshed. This property is called 
compressihiLity* 

21. When the body is released from the force which thus com- 
presses it, the molecules which had been pressed together will 
often again recoil from one another, so that the body will resume 
its former dimensions with a certain force. This property is called 
ektsticUy, 

22. The unlimited divisibility of matter may be shown by a 
multitude of examples. 

23. If marble be reduced to fine powder by the process of grinding or 
pulverisation, the particles, though vexy minute, will still be mere blocks of 
marble, and can *be ascertained to bo such by the microscope. If gold be 
rubbed upon a touch-stone, visible^ though very minute, particles will be 
left upon the stonel Glass may be drawn by means of the blow-pipe into 
threads whose diameter does not exceed the 2000th part of an inch. 

24. Dr. Wollaston produced platinum wire, 30000 pieces of which placed 
side by side would not measure an inch in breadth. Newton showed that 
the film of water at the upper surface of a soap bubble has a thickness of 
little more than the three millionth part of an inch. In the fabrication of 
gold lace, an ounce of gold is divided into 430000 millions of parts, each still 
possessing the characteristics and qualities found in the largest masses of 
metal, having solidity, texture, and colour; resisting the same chemical 
agent^ and entering into combination with the same substances. A drop of 
blood suspended from the point of a cambric needle contains three million 
red discs, from which it derives its colour. 

25. Ehrenberg has proved the existence of certain animalcules so txiinute, 

b'2 
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that millions of them collected into a single mass would not exceed the bulk 
of a groin of sand, and thousands might swim side by side through the eye 
of a cambric needle* The shells of such animalcules in the fossil state con- 
stitute the substance of certain slates found at Bilin, in Bohemia, a cubic 
inch of which is computed to contain 41000 millions of such shells ; and 
since a cubic inch of the slate weighs only 220 grains, it would follow that 
1S7 millions of these shells would ureigh only a grain. 

26 . A single grain of the blue salt, called the sulphate of copper, dissolved 
in a gallon of water, will render the whole perceptibly blue. A single grain of 
musk will exhale odorous particles, which will impregnate the atmosphere 
of a large room perceptibly for a quarter of a century and upwards without 
suffering considerable loss of weight. A thread of spider's web four miles 
long will weigh little more than a grain. A scarcely perceptible particle of 
strychnine will render a pint of water perceptibly bitter ; and a single grain 
of salt of silver will render a gallon of water perceptibly sweet. 

27. Porosity may he illustrated by the following experiments 

Mercury and water may be forced through the pores of wood. In the 

celebrated Florentine experiment, water was enclosed in a globe of gold ; 
when the globe was compressed the water oozed through the pores of the 
gold, and appeared as a dew upon its external surface. 

aS. Water is rendered clear by passing it through the pores of certain 
sorts of stone, the process being called ton. Chalk is more porous than 
marble, though consisting of the same constituents. Stones taken from 
great depths in the bottom of the sea are found to be impregnated with 
water. Water percolates through the sides of caverns and grottoes, and 
being impregnated with calcareous matter forms stalactites or pendulous 
particles, presenting curious appearances with which every one is familiar. 

29. CompresMilHy may be illustrated by numerous examples. 

Wood is hardened by severe compression to form the wedges of railway 
chairs. The most solid stone when placed under heavy weights is found to 
bo compressed ; columns which sustain incumbent weights in architecture 
are examples this. Metals are compressed by percussion and hammering, 
so as to be rendered more compact and dense. Liquids are in general less 
easily compressed than solids, and are regarded as practically incom- 
pressible. Strictly speaking they are susceptible of some compresuon, however, 
ns was proved by a celebrated experiment, in which water submitted to a 
mechanical pressure of 15 lbs. per square inch of its surface was found to be 
diminished in volumal' by 45 parts in a million. Water enclosed in a piece 
of camion and submitted to mechanical pressure of 25000 lbs. per square 
inch was diminished by a aoth part of its bulk. The cannon was burst by 
its reaction. 

30. Gaseous bodies are eminently compressible, as will be more 
fully proved hereafter. Elasticity, or the force by which a body 
compressed, or otherwise changed in its form, resumes its original 
dimensions or form, is illustrated by the following experiments. 

An ivory ball let fall upon a hard surface smeared with oil or colouring 
matter will be flattened at the jKiint of contact, as will be proved by the 
extent of its surface coated with oil. If it be let fall from different heights, 
the extent of the flattened part will be greater the greater the hdght. A 
Bted spring bent recovers its form with a force equal to that which ^nt it. 
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31. Although all bodies are more or less elastic, different 
bodies possess the quality in different degrees. 

Elasticity is also manifested by the torsion or twisting of a 
thread or wire. When disengage^ it will untwist itself, and then 
again twist itself. This is called the elasticiitf of torsion. 

32. Dilatahility and Contraciihility are also universal properties 
of bodies, in virtue of which they enlarge their dimensions when 
heated, and contract them when cooled. 

Bars of metal alternately heated and cooled, will alternately expand and 
contract. This property is sometimes used as a mechanical agent. Thus 
the walls of a building when threatening to fall by the pressure of the roof 
upon them, have been drawn together by passing bars across them with 
nuts screwed upon them outside the walls. The bars being heated expand, 
and the nuts being then screwed up to the wall, the bars are cooled, and by 
their consequent contraction draw the walls together, and this operation 
being frequently repeated, the walls are at length restored to the perpen- 
dicular. This process was applied with great success to the walls of the 
Conservatoire des Arts et Metiers of Paris by Molard. 

33. Since there is a continual change of temperature in all bodies, there is 
also a continual change of magnitude. The bodies around us are, therefore, 
constantly swelling and contracting under the vicissitudes of heat and 
cold. They grow smaller in winter, and dilate in summer. They swell 
on a warm day, and contract on a cold one. 

34. Inertia is a negative quality universally appertaining to 
matter. It is the Latin word for ^Mnactivity,** and implies the 
total absence of all power in a body to change its state, whether of 
rest or motion. If a body be at rest it cannot put itself in motion, 
and if in motion, it cannot reduce itself to rest, nor can it change 
the motion it has either in its velocity or in its direction. When- 
ever any such change takes place, it must arise from the operation 
of some external cause, independently of the body. 

35. Since all bodies which arc in motion on the surface of the 
earth have a tendency to become gradually retarded, and at length 
come to rest, we are led naturally to think that they have a 
tendency more to rest than motion ; but this is an error. Their 
retardation and ultimate repose is not due to any property in the 
bodies themselves, but to the resistances which ai*e opposed to their 
motion by tlie bodies with which they are in contact. Thus all 
bodies whatever which arc around us, or accessible to us, must 
move through the idr, which offers a resistance to the motion 
of the body. Bodies, also, in general, move upon some support* 
ing surfaces, as carriages or sledges do upon a road or railway ; 
and, however smooth and level such surfaces may be, they always 
produce a resistance due to friction. 

36. It is therefore friction wd the resistance of the atmo- 
sphere which cause the general retardation of the motions uni- 
versally observed, and th<> proof of this is, that bodies which 
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move in a vaouum continue their motions until they are stopped 
l>j friction ; and the more the friction is diminished, the less will be 
the resistance to the motion of bodies, and the less will be its re- 
tardation. The friction on a railway is less than upon a road, and, 
consequently, bodies moving on a railway will be much less 
retarded than those which move on a road. 

37. The quality of inertia is manifested by the tendency which 
nil bodies in motion have to retain their motion, and the resistance 
which they oppose to anything which has tendency to stop such 
motion. 

If a horse or vehicle be suddenly stopped, the rider or the passengers still 
retaining the motion they had' will be thrown forwards^ and if a horse or 
vehicle being at rest be suddenly started forwards, the rider or passengers 
will be thrown backwards. If a person leap from a carriage in motion, he will 
full, when his feet touch the ground, in the direction in which the carriage is 
moving. In coursing, the hound which pursues the hare, being comparatively 
a heavy body, cannot suddenly arrest its course, because by its 
greater inertia it has a tendency to move onwards in the same 
straight line ; but the hare, a comparatively light body, first 
gradually retards its motion, so as to diminish its inertia, and at 
the moment when the hound is in the act of seizing it, 
dexterously turns at an acute angle to its former course, 
leaving the hound propelled forwards in the direction it was 
previously nioving. Thus, if the hound pursues the hare 
from A towards b, x.) the hare at o suddenly doubles, 
turning back from c to i>, while the hound, carried onwards 
by its inertia, is unable to stop itself until it arrives at b, the 
hare having meanwhile arrived at d. By this trick the hare 
has gained upon the hound the distance b d. 
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CHAP. II. 

SPECIAL PROPERTIES OF BODIES. 

38. Tub properties of bodies explained in the preceding para- 
graphs are universal, although some of them exist in difiTerent 
bodies in different degrees. We shall now notice some properties 
which are spectal, 

[39*. Density is the term which expresses the relative quantity 
of matter in the same bulk of different substances. It may de- 
pend either on the number or proximity of the»molecules, or on the 
quantity of matter in each molecule. The term is, like several of 
the succeeding, purely relative ; as it is evidently as impossible to 
say that a body is dense without reference to a standard, as to say 
that a distance is great without reference to some known length. 

This quantity of matter Is always estimated by weight.] 

39. Hardness differs from dennty. Glass, for example, is hazier 
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than gold or platinum, though less dense than either. Glass will 
scratch these metals. Again, gold and platinum, though more 
dense than iron and zinc, are not so hard. Some metals are capable 
of being rendered hard by certain processes. Thus, when iron is 
heated and suddenly cooled, by being plunged in water, it becomes 
harder than glass, but if cooled gradually becomes soft and 
flexible. 

40. FlexAilitg and hriUleness exist in an infinite variety of 
degrees in different bodies. A body is flexible when it will bend 
without breaking, brittle when it breaks rather than bends. 

Brittleness is connected with hardness, but is not identical with 
it, and is not inconsistent with certain forms of elasticity. Glass, 
which is highly elastic, is also the most brittle of bodies. The 
same body may be rendered more or less brittle by the application 
of heat and cold. 

41. Malleahility is the quality in virtue of which bodies may be 
reduced to thin plates, cither by the hammer or by pressure 
between rollers, by processes of extensive use in the arts. 

In large iron works lumps of iron rendered white hot, but not yet melted, 
are taken from the fhmace, stuck upon the end of a long bar of iron, and 
placed un^^ r a sledge hammer of enormous weight, which rapidly striking, 
reduces them to an elongated form approaching that of a bar. The metal, 
still red hot, is then pushed between rollers formed in the shape of the 
transverse section of the rails used in railways. Wlien drawn between these 
rollers the rail has acquired its proper form, but it is still red and soft, and 
when received from the rollers is so flexible that it bends by its own weight 
like a rod of wax. It is then laid on a flat surface where it cools and 
hardens, and assumes the condition of the rails on which we traveL 

42. Annealing is the process of cooling by which substances are 
rendered malleable. 

43. Welding is the process by which malleable metals are united 
together by hammering them when red hot. The particles thus 
driven into intimate contact cohere, forming a single mass. This 
process may in some cases bo applied to unite together different 
metals. 

44. Ductility is the property in virtue of which metals allow of 
being wire-drawn. It is not identical with malleability, since the 
same metals are not always ductile and malleable in the same 
degree. Iron is more ductile than malleable ; tin and lead on the 
contrary are highly malleable, but very little ductile. 

45- Tejukcity is the property in virtue of which a body resists 
the separation of its parts by a force which stretches it. 

Bodies may have great tenacity and at the same time great 
brittleness. A thin rod of glass will sustiun an immense weight 
suspended at its lower end, while the slightest force applied trans- 
versely to it will break it. 



8 rORCE AND MOTION. 


CHAP. III. 

FORCE AND MOTION. 

46. A farce is a physical agency, which either imparts motion 
or produces pressure, or causes both of these effects. When 
forces produce pressure they are easily measured by naming the 
weight which would produce a like pressure. 

If two forces act at the same time upon the same point, and in 
the same direction, the effect will be equal to their sum. 

Thus, if one be equivalent to a weight of 10 lbs., and the other to a weight 
of 20 lbs., the combined effect will be that of a weight of 30 lbs. 

But if they act in opposite directions then the lesser will neu- 
tralise a portion of the greater, and their combined effect will be 
that of their difference. 

Thus, if a force of 10 lbs. act against a force of aolbs., the combined effect 
will be that of a force of 10 lbs. acting in the direction of the force of 20 lbs. 

47. If a force put a body in motion, its effect will be determined 
by the velocity imparted to the body. The velocity is measured 
by the space through which the body would move in any given 
time, as, for example, in one second : and the more intense the 
101*06 is which acts upon the body, the greater will be this space. 

If two forces act upon the same b<idy in the same direction, one of which 
woultf impart to it a velocity of 20 feet per second, and the other xo feet per 
second, the body will move with a velocity of 30 feet per second ; but if the 
two forces thus applied act in a contrary direction, then the body will move 
with a velocity of only 10 feet per second, the lesser force depriving the 
greater force of part of its effect. 

48. If two equal forces act at the same point, and in contrary 
directions upon a body, they will neutralise each other, and neither 
motion nor pressure will be produced. The forces in this case 
are said to be in equilibriumj and it may be stated still more gene- 
rally, that any number of forces acting at the same time upon a 
body in such a manner as to impart no motion to it, are said to be 
in equilibrium. It is sometimes stated in this case that the body 
which is placed under the operation of such forces is in equi- 
librium. 

49. If two forces act upon a body at the same point, a, 2., 
and in different directions, a x and a t, their combined effect is 
the same as that of a single force acting in a certain intermediate 
direction ad. 
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The iRaaner in which this intermediate direction is determined is as fol- 
lows. Take upon A x a length a c, con- 
sisting of as many inches -as there are 
pounds in the force directed from a to x, 
and upon a T*take A b, consisting of as 
many inches as there arc pounds in the 
force directed from A to y» and from n and 
G draw lines parallel to a x and a y, so as 
to form the parallelogram a b d c ; then 
draw A p, the diagonal of this parallel- 
ogram. The combined effect of the two 
forces will be the same as that of one di- 
rected from A to D, consisting of as many pounds as there arc inches in a i>. 



50. Wo have here supposed the two forces acting jit A to pro- 
duce a pressure represented by an equivalent weight; but if, 
instead of producing pressure, the forces were‘ to impart motion 
to the body, the same principle would he applicable ; but in that 
case the lengths a c and a b would be spaces through which 
body would be moved in one second by the separate actions of the 
two forces, and a n would be the line through which it would be 
moved in one second by their combined action. 

51, This proposition has obtained great celebrity in mechanical 
science from its utility in all investigations, theoretical and prac- 
tical, and is known as the parallelogram offorces^ 

[52. The single force which is mechanically equivalent* to two 
or more others is called their remUaivt ; the original forces arc 
called its components. The principle of the parallelogram of forces 
is thus stated : — if the sides of a parallelogram represent two forces 
in magnitude and direction^ the diagonal between them represe^s 
their residtant,'] 

53. When two forces are combined to produce a single force 
they are said to be compounded, and the process is called the com- 
position of forces; but since the components are mechanically 
equivalent to the resultant, we may also imagine a single force to 
be replaced by two forces whose combined actions arc equivalent 
to it, and this way of considering the principle is called the resolu- 
tion of forces, 

54. An infinite variety of pairs of components may have a 

common resultant, and on 
the other hand, the same 
force may be resolved into 
an infinite variety of pairs 
of forces. 

Thus A D (^Jlg, 3.) will repre- 
sent the common resultant of the 
forces AB and AGvand of AB'and 
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55* Numerous examples may be given illustrating tLe coni-* 
position and resolution of forces and motion. 

56. A swimmer who crosses a rapid stream is mored directly across by the- 
action of his members, add carried at the same time downwards by the- 
stream. Instead of proceeding, therefore, from p to m 4.), as he would- 
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Fig. 4. 


do If there were no current, he is carried along the diagonal from p to m' 
the stream running in the direction of the arrow, and sa^ and T if represent- 
ing the banks. If he desire, there- 
fore, to proceed directly across the- 
stream, from p to m, he should endea- 
vour to swim from p to o Cfg.sO' 

57. A vessel impelled at the samfr 
' time by wind and tide takes on in- 
termediate direction between the two 
directions which it would separately 

receive ft*om each. 

5S. Billiard playing depends altogether on the principles of the composi- 
tion and resolution of mo- 




tion. The ball p 6.)^ 
striking the cushion at o- 
In the direction p O9 would 
have its motion resolved 
into two by the reaction of 
the cushion, one in tho 
direction of o o, along the- 
cushion, and the other on, 
which would be destroyed' 
by the reaction of the 
cushion; and if the batli 
and cushion were indastic, 
the ball would move firom 
o to c; but in consequence 
of the elasticity, the ball 
and cushion react, so as to 
give the ball a motion in 
the direction ob', which,, 
compounded witb o c. 


Fig, causes the ball to move 

from o towards x». Owing 
to the imperfect elasticity, on'is a little less than ob, and the ball it 
reflected at an angle with the cushion a little less than the angle po Ji. 


59* Motion is distinguidied into abaoluie and relaHvem 
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If a man n^alk on the deck of a Aip frometem to 8teni« he haa a motion 
relative to the deck measured by the apace upon it along vrhich ho walks in 
a given time ; but while he thus walks» the ship and its contenfa, including 
himself, are carried in the opposite direction. If it diould so happen that 
his own progressive motion from stem to stem is exactly equal to that of the- 
ship in the contrary direction, he will be at rest in relation to the surface of 
the sea. Thus he may be said to be in absolute rest, but in relative motion. 
[Tills distinction is oidy one of convenience. The man, though then said to 
be in absolute rest, is really even then moving round the sun. Nevertheless, 
it is convenient to disregard all motions but those whidi are necessary tO' 
the consideration of any problem, and thus to regard a body which iias. 
none of the motions therein considered as absolutely at rest.] 

6o. Many feats in gymnastic exhibitions are explained by the 
principles of the composition and resolution of motion. 

Thus an exhibitor standing on the saddle leaps over a cord under which - 

the horse passes, returning* 
to the same point which 
he left after the horse has* 
passed under the cord.* 
This feat is accomplished 
on the part of the rider' 
by springing directly up- 
wards without giving; 
himself any forward mo- 
tion, since he has had al- 
ready all the necessary 
forward motion in common with the horse. When he springs upwards,, 
therefore, the upward motion received firom the reaction of the saddle is com- 
bined with the forward motion which his body already has ; and the conse- 
quence is, that while he rises vertically upward, his body also goes forwqfd,. 
exactly as fast as the horse, and by the time he haa descended to the level, 
of the saddle, the saddle has advanced exactly to the part at which his feet 
arrive. (jFYp. 7.) 

6]. When a mass of matter is in motion with a certain velocity, , 
it is animated by a certain force with which it would strike any 
object it encounters, and this force will depend upon the quantity* 
of matter in the moving mass, and upon the velocity with which it. 
moves. If two equal masses move with the same velocity, they 
will have the same fnmnmdum or moving force. If they move 
with different velocities, they will have a moving force exactly 
proportional to these velocities. 

62. If two unequal masses move with the same velocity they 
will have a moving force exactly proportional to their masses. 

Thus, for example, if two balls, each weighing 1 lb., move^ one with the> 
velocity of 10 fee^ and the other with a vdocity of ao feet per second, the • 
latter will strike a body with twice the force of the former. 

65. If two balls, one which weighs i lb. and the other 2 lbs., be 
moved with the velocity of lo feet per second, that which weighs* 
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2 lbs. will strike an object with twice the force of that which 
weighs 1 lb., but if the balls be not only unequal in weight, but 
also moved with unequal velocities, then their forces will be esti- 
mated by multiplying their weight by their velocities. 

Thus, if one ball weigh 3 lbs. and move with a velocity ot zo feet per second 
and the other weigh 6 lbs. and move with a velocity of 20 feet per second, the 
force of the former will be to the force of the latter in the proportion of 30 
to 120. or of I to 4. 

64. I^t a cannon ball and a musket ball be projected with the same ve- 
locity, the force of the former will be greater than the force of the latter in 
the exact proportion of their respective weights. 

65. When two bodies strike each other, whatever motion the 
one loses the other gains. This must necessarily be the case, 
inasmuch as, in consequence of the nature of inertia, no force can 
be either acquired or destroyed upon the whole ; the motions, 
however, being understood to be estimated all. in one direction. 
This principle is generally expressed by stating that action and 
reaction are equal and contrary. 

Thus, if two bodies M, m.' 8.) be moving in the same direction, and 

M overtaking M.' strike it, the two bodies then coalescing, m impart to m' 
a certain force, and will itself lose precisely the same force, so that the sum 



of the forces will be the same as before, but will be distributed between the 
two bodies dilferently. In this case the communication of force by to 
IS called tlie action of m upon m', and the loss of force which m sustains is 
said to arise from the reaction of upon it, 

66. It must not be uuderstoody however, notwithstanding the 
general adoption of these terms, that, there is any real action what- 
ever on the part of the one body or the other, any such action 
being totally incompatible with the property of inactivity or 
inertia. The term action, therefore, should be understood in this 
case in a qualified sense, as merely expressing the acquisition of 
force by the one body and its loss by the other, 

67. If the two bodies m, ai' (fg, 9.) move in contrary directions, and 
coalesce, m' will destroy so much of the moving force of m as is equal to its 
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own force in the direction B A, and ^e two masses will move on together in 
the direction A b, with the difference of the forces which they had on coa« 
iescing. In this cose, by the action of m upon M^ not only all the force which 
k' lias in the direction d A is destroyed* but it receives a new force in the 
direction A b. In like manner st not only loses an amount of force equal to 
that which m' had in tlie direction n a* but also so much force as it has im- 
parted to in the direction of A b. 

68. Numerous examples may be given of the application of this 
principle of action and reaction. 

69. If two railway trains moving in a contrary direction at twenty miles an 
liour come into collision* the shock will be the same as if one of them being 
at rest were struck by the other moving at forty miles an hour. 

70. If two steamboats of equal 'weight approach each -other* one moving 
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at twelve miles an hour* and another at fifteen, each will suffer a sliock from 
the collision the same as if it were struck by the other moving at twenty- 
seven miles an hour. 
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71. In the combats of pugilists the most severe blows are those struck fist 
against fist, for the force suffered hj each is then equal to the sum of the 
forces exerted by the two arms. Skilfhl pugilists avoid such collisions, since 
both suffer equally, and jn^ise^verely* ' 

72. When the bodies which strike each other arc elastic, the 
forces with which they recover their figures after compression are 
combined with the ordinary effects of action and reaction in the 
case of inelastic bodies. Some remarkable effects ensue from this 
cause, which may be illustrated by elastic balls of ivory like 
billiard balls suspended in contact, as shown in^. 10. 

If the ball ▲ be raised from its position, as shown in^. 11., and be let fall 



ngainst b, the two balls will interchange conditions, A coming to rest, and b 
flying off to an equal distance in the contrary direction ; b will then return 
upon A, and a like result will ensue, A in its turn rising nearly to the point 
from which it originally descended. This alternate motion would continue 
indefinitely but for the resistance of the air, by which the range of the vi- 
bration is gradually diminished. 

If severid ivory balls be suspended, as in^^. 12., and one be drawn aside 
and let fall, the effect of the collision will be transmitted through the series 
to the last ball, which will he affected exactly as if it were immediately 
acted upon by the first Each of the intermediate balls in this case, being 
equally affected in opposite directions by the reaction of the contiguous balls 
ill recovering their figures, will remain at rest, and the extreme balls alone 
will alternately rise and fall until reduced to rent by the resistance of 
the air. 




Fig. IX. 


CHAP. IV. 

GRAVITY. 

73* Wh£n a body is suspended by a thread or wire or placed 
upon a horizontal plane, it will stretch the wire and press upon 
the plane with a certain force, and this force will be greater or 
less exactly in the proportion in which the mass of the body is 
greater or less. 

If the body be not suspended or supported, it will descend in 
the exact direction of the stoing or wire yfou^^^ve^su?- 
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pended it, or what is the same, in the direction of a line which i» 
perpendicular to a level plane. This direction is called the vertical 
line^ and a plane at right angles to it is said to be level or Aon- 
zontaL 

74. A liquid surface when at rest will always assume the form 
of a horizontal or level plane, and the direction of the vertical line* 
will always be indicated by that of a string which supports a body 
suspended from it. Such string is called a plumb-line. 

75. The force which thus attracts the body downwards, which 
stretches the string, or presses the plane, or causes the body to* 
descend in a vertical line when free, is the attraction which the 
mass of the earth beneath exerts upon it, and this attraction is 
called terrestrial gravity. 

76. Since the attraction of the earth acts constantly upon a 
body which falls, it imparts from one moment to another increased 
velocity to it, the consequence of which is, that the motion of a 
body in descending is continually ojcceleratiedy and if the resistance 
of the air did not modify it, this acceleration would be uniform,, 
the velocity imparted being always proportional to the time of the 
fall. The consequence of this is that the body in falling descends 
through spaces continually increasing in each successive second of 
time. 

77* The physical law which governs its descent is fully expressed 
in the following table. 


Tabvlar Analysis of the Motion of a falling Body. 


Xumb«r of Seoondfl 

In the Fall, counted 

from a State of 

Kest. 

Spnceii fallen 

Velocitlee acquired 
■1 the Knd of 

Total Heteht fidlcn 
tlirouKh from Rest 

In the Number of 

thinuKli in each 
•occeiHiiTe Second. 

Number of Seconds 

exprcMcd In First 
Column. 

Seconds eaprcMed ta 
First Columii. 

I 

1 

X 

I 
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4 

4 

1 

4 

5 

7 

6 

8 


i 

9 

11 

10 

IX 


2 

»5 

\t 

Z 

■ 9 

17 

18 

81 

i 

*9 

20 

lOO 


Although all the circumstances attending the descent of bodies falling 
freely are included with arithmetical precision in the above tables we may 
nevertheless render it more easy to obtain a clear conception of these ^im- 
portant physical phenomena by the annexed diagram, in which the divided 
scale represents the vertical line along which the body is supposed to fall, o 
being the point fiom which it commences its descent. Hio pr>int8 which it 
successively passes at the termination of 1, 2, 3, 4, 5, 6, and 7 seconds respec- 
tively are marked 1, ii, m, xv, v, vx, vii. The figures of the scale indicate 
the total heighU throngh which the body has fallen at the end of each sac* 
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ceasive second, the unit being the height through which the body falls in the 
first second. The spaces induded between^ brackets on tho right of the 



diagram are tliose through which the body falls in each successive sooonL 
It will then be apparent, first, that the body is accelerated in its motion. In* 
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aamuch as the spaces through which it falls in each successive second are 
evidently increasing ; secondly, that the space through which it falls in any 
number of seconds is expressed by the square of this number, the unit being 
the space fbUen through in the first second ; thirdly, that the spaces fallen 
through in each successive second are expressed by >the odd numbers with 
reference to the same unit. 

78. A direct experimental verification of the results exhibited 
in the preceding table and diagram would be attended with 
several practical difficulties. The heights through which a body 
falls by gravity, acting freely in several seconds, are considerable, 
and a great velocity is *soon acquired. The resistance of the air 
disturbs the result, and some difficulty would be found in ob- 
serving, with sufficient precision, the points at which the falling 
body would be found at each successive second of time. This 
difficulty, however, has happily been surmounted by a simple con- 
trivance called Atwood’s machine (,/%*• * 3 -)- 

Two. equal weights, w and w' are attached to the ends of a string which 
passes over a pulley constructed so as to have very little fnction. These 
weights would balance each other, but if a very small weight to be placed 
upon one of them, it will preponderate and will descend, drawing the other 
up. The rate at which this will descend can be rendered as slow as is 
desired by making the weights proportionably small. Thus if w be the 
100th part of the sum of the three weights w, w’ and tc, then the preponde- 
rating weight will descend with a velocity not more than the 100th part of 
that with which a body will fall freely, but in all other respects the circum* 
stances attending the descent will be absolutely the same as those which 
attend the descent of a heavy body falling freely. In short, the phenomena 
will be those of a falling body upon a diminished scale. Thus the weight w 
may be so adapted that the weight w', which if it fell freely w'ould descend 
through 193 inches in one second, shall only descend one inch in a second, so 
that the spaces through which the preponderating weight would descend 
would in that case be 193 times less than those through which a body falling 
freely would descend. 

There are various accessories connected with Atwood’s machine, such as a 
pendulum to mark the time of the fall, and other arrangements to determine 
the velocity acquired at the end of successive seconds, which need not be 
detailed here. 

79. If a body, instead of being let fall freely under the sole 
action of gravity, be projected in any given direction with a certain 
force, it will, instead of descending in a vertical line, move in a 
curve called a parabola, 

Let w 14-) be the place of the body at the moment it receives the 
impulse ; let w be the vertical line in which it would fall, and let it be sup- 
posed to be projected by any force, as a bullet is from a gun, in the horizontal 
direction w m, with such a velocity that if it were not affected by gravity it 
would move through the space w i’ in *the first second, from i’ to xf in the 
next second, from 11' to iif in tlie following second, and so on. Then slip- 
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pose that if it were falling freely it would in the first second arrive at i, at 
the end of the next second at ii, at the end of the following second at iii, 


and so on. In the case of a body 
when affected at once, as it will ne- 
cessarily be, by the force of projec- 
tion and the force of gravity, it 
will by the principle of the com- 
position of motion already ex- 
plained, be found at 1 at the end of 
the first second, at a at the end of 
the next second, at 3 at the end 
of the following second, and so on ; 
so that the body will describe the 
dotted curved line shown in tlic 
figure, this curved line being that 
which is called a parabola, 

80. If instead of being pro- 
jected horizontally the body 
be projected obliquely, the 
circumstances attending its 
motion and the course it will 
describe will be illustrated in 
the same manner by Jig. i 5. 

81. It follows from this, 
that if a ball be propelled 
from a gun in the horizontal 
direction, it will necessarily 
drop below the level of the 
line of aim to a greater or less 
extent before it strikes the 
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object aimed at. In rifte sbooting, therefore, where great precision 
IS required, the barrel is not directed point blank to the object, as 
shown in Jig. l6., but is presented in a direction more or less 



Fig. i6. 


above it, by a contrivance called a sight, A (^g. 17.), fixed on the 
barrel, by means of which an allowance is made for what is called 
the drop of the bullet during its flight. 



Fig. 17. 

82. What has been explained in the preceding pages is not 
peculiar to tlie mass of the earth, but common to all masses of 
'matter whatever. Thus each of the planets attracts bodies in the 
same manner, and this attraction in the general sense is called 
universal gravitation^ terrestrial gravity being that particular 
manifestation of it which takes place between the earth and the 
bodies upon its surface. 

83. The force with which the earth thus attracts the mass of 
any body is called the weight of that body, and since a double or 
triple mass is always attracted with double or triple force, it 
follows that the weight of bodies is always proportional to their 
mass. It is for this reason that in commerce the weight of bodies 
is taken ns a measure of their 'quantity. 

84. But the terrestrial attraction does not merely act collec- 
tively upon the mass of a body taken as a whole, but separately on 
every particle of matter composing the body, and consequently 
the weight of a body is, in fact, the aggregate of the separate 
attractions exerted by the earth upon all its component particles. 

85. There is a certain point called the centre of gravity^ through 
which the resultant of the separate attractions exerted by the 
earth on the component parts of a body passes, so that all questions 
respecting the effect of the earth's attraction on bodies are greatly 
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simplified hy considering this attraction to act only on the centre 
of gravity. It must, however, be remembered, that this way of 
\iewing the action of gravity is, strictly speaking, applicable only 
to solid bodies, the properties of the centre of gravity in the case 
"of fluids being subject to peculiar conditions which will be ex- 
plained hereafter. 

86. If the centre of gravity of a solid oody be supported, the 
attraction of the earth on all its parts will balance each other, and 
the body will rest in any position whatever ; but if the centre of 
'gravity be not supported, and if the body be suspended from any 
other point, then it will only remain at rest when the centre of 
gravity is either directly under or directly over the point of sup- 
port. 

If in this case the centre of gravity be directly under the point 
of support, the body will rest steady, and will return to its position 
if disturbed from it. This is called, accordingly the position of 
stable equilibrium. 

But if the centre of gravity be directly over the point of support, 
then upon the least disturbance that centre will descend until it 
comes directly under the point of support, so that the body will in 
fact be overturned. This is accordingly called the position of un- 
stable equilibrium, 

87. A vertical line drawn from the centre of gravity is called 
its line of direction^ and the position of this line has an important 
relation to the stability of the body. If it fall within the base, 
the body will be supported ; but if it fall outside the base, the body 
will be overturned. 


18. tlic line of direction from g falls within the base, and in 19. 



n>!. 18. 


r»g. 19. 


it falls outside the base. The body will stand on the table in^^. 18., but 
will fhll in Jfg, 19. 

88. When a load is placed at a considerable height above the wheels of a 
waggon, the centre of gravity is elevated, and the carriage becomes propor- 
tionately unstable. 


GKA7ITY. 


In coaches for the conveyance of passengerst the luggage is therefore very 
unsafdy placed on the roof. 

Brays for carrying heavy loads are often constructed so that the chief 
vreighi is placed belorr the axle of the Tfieels. If a large table be placed 
on a single leg in its centre it vrill be impracticable to make it stand firm, 
but if the foot on which it rests terminate in a tripod, it will have the same 
stability as if it bad three legs attached to the parts directly over the points 
where the feet rest. (/»y- 20.) 



Fig. 10. Fig. 21. 

If there bo four or more legs the table may be unstable, even though the 
centre of gravity fall within the base, and wili be so if the ends of the legs 
A, B, c, D be not in the same plane. 

When a man stands, the line of direction of his weight must fall within 
the base formed by his feet (ySy. aa.). When he 

walks, the legs being alternately elevated from the 

ground, the centre of gravity is cither unsupported 
or thrown from one side to another, the body being 
also thrown a little forward, to give the centre of 
.w gravity a tendency to fall in the direction of the 

Fig. 22, fiexibility of the knee-joint is useful in 

bumouring the centre of gravity, as illustrated in 

figs. 23. and 2^ 



Fig. 23. Fig: 24. 


When a porter carries a load upon his back, he is obliged to stoop to bring 
the centre of gravity within the base of his feet, a5.) 
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In ascending or descending a hill, the body of tlie pedestrian being ver- 
tical, while the hill is inclined, the position assumed is shown in Jfy. 26, 

A person sitting in a chair cannot rise from it without stooping forward to 
bring the centre of gravity over the feet. 

89. Unstable equilibrium in general is characterised by the 
centre of gravity having the highest position it is capable of as- 
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Fig. 28. 

suming 27.) ; and stable equilibrium, on the contrary, when 
it is in the lowest position it is capable of assuming (^g. 28.). 

90. When a body is so placed, that if it move the centre of 
gravity moves in a horizontal line, neither rising nor falling, it is 
said to be in neviral equilibrium. 

An example of neutral equilibrium is presented in Jig. 29. 

Children’s toys are constructed to show the play of the centre of gravity. 
Thus, otjig. 30., a body made of some light substance, such as cork, has a 



Fig. 27. 



Fig. 50. Fig. ji. 


piece of lead attached to one of its extremities. If it be placed on the light 
end, which is rounded, it will by an apparently spontaneous motion invert its 
position, and a sort of tumbler will be formed. In^. 31. a toy is represented 
which T^l be easily understood from what has been explain^ 
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' . 91. When a public exhibitor balances a sword by supporting its point in 
unstable equilibrium, the dexterity is shown by humouring his finger so as 
to keep the point under the centre of gravity. 

A metal plate is sometimes made to spin on the point of a rod supported 
on the finger. The spinning motion in this case, instead of rendering the 
feat difficult, greatly facilitates it, since the centre of gravity revolving con- 
stantly round the point of support has a tendency at one minute to make 
the body fall on one side, which is instantly changed by a contrary tendency 
when it comes to the opposite side. It is in this way that the common 
effect of the spinning top is explained, fig. 32. ‘ The top continues so long 
as it spins as if it were in stable equilibrium, as \nfig. 33. 



Fig. ja. Fig. 


CHAP. V. 

CENTRIFUGAL FORCE. 

92. Centrifugai. force is the name given to the tendency which 
a body has, when it revolves in a circle, to fly from the centre. 
This tendency is rendered sensible, when the body is connected 
with the centre by a string. The string will in this case be 
stretched with greater or less force, according to the velocity with 
which the body revolves, the radius of the circle in which it moves, 
and its own weight. 

93. If two bodies having equal weight arc whirled round a 
circle having equal radii, the centrifugal force which they will 
exert will be proportional to the squares of the velocities. Thus 
if one make a complete revolution in a second, while the other 
makes a complete revolution in half a second, the latter will stretch 
the string with four times as much force as the former. This may 
be easily verified by actual experiment, if the string be attached 
to any instrument by which its tension can be measured. 

94. If two bodies be whirled round by strings of unequal length, 
and revolving in the same time, the centrifugal force wUl be in the 
exact proportion of the lengths of the strings; the longer the 
string the greater will be the force with which it is stretched. 

95. Other things being the same, the centrifugal force will 
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always be in the proportion of the weight of the body which is 
whirled round. 

[95 *• Generally^ therefoi*e, the centrifugal forces of two bodies 
will be in the ratio of the numbers obtained by multiplying each 
weight by the radius of the circle it describes, and dividing the 
product by the square of its time of revolution.] 

96* Various forms of apparatus are contrived for illustrating ex- 
perimentally the laws of centrifugal force. One of these is shown 
in 34., where the revolving body B reacts against a spring. 



F*g. 34. 


97. Numerous familiar examples illustrate centrifugal force. 

A horseman or pedestrian passing round a comer moves in a curve, and 
consequently is affected by centrifugal force directed from the centre of the 



Fig. 15 . 
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cttnre» wluch increases his velocity, and impresses on his body a force 
directed from the corner. He resists this by inclining his body towards the 
corner. An animal made to move in a ring, os is customary in training 
horses, always inclines towards the centre of the ring. 

In equestrian feats not only the horse, but the rider inclines towards the 
centre 35.), and according as the rapidity increases, the inclination 
becomes more considerable. If a stone or weight be placed in a sling which 
is whirled round’ by the hand in a direction perpendicular to the ground, the 
stone will not fall out of the sling, even wdien it is at the top of its circuit. 

CM 3^0 



Fig. j 6 . Ftg. 11 


In like manner a bucket of water may be whirled so rapidly that, even 
when the mouth is presented downwards, the water will be retained in it, 

Jiff- 37 . 

Water may be made to ascend in tubes, or to rise up the sides of a vessel 
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(fie middle becoming concave, by the whirling apparatus, shown in^rfys, 38. 
an<l 39. 



A dry ing machine for laundries, working by the agency of centrifugal 
force, is shown in Jig. 40. 

The wet llneh^ 4 ^pressed against the sides by the centrifugal force, and 
the water squeezea from it is discharged by an apparatus provided for tlie 
purpose. 

98. The globe of the earth turning upon its axis once in 
twenty-»four hours is affected by centrifugal force, and since when it 
commenced its motion of rotation, it was in a fluid state, it assumed 
the form of a flattened spheroidi owing to the tendency of the 
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equatorial part to ily from the axis. This effect is illustrated by 
means of elastic libops attached to the apparatus shown in Jfff. 41. 


4 !^ 
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CHAP. VI. 

MOLECULAR FORGE. 

99. Bjssudes the force which masses of matter exercise upon one 
another, there is another class which is manifested between their 
molecules, and which act only at imperceptible distances. . These 
are called molecular forces. 

100. One of these, which is attended with the most obvious 
effects, is called coheswUm In solid bodies, the component par* 
tides arc held together by a force which resists their separation 
with greater or less energy, so that to break them, or pulverise 
them, or, in short, to separate their parts in any way, requires the 
applicat ion of a force more or less considerable, according to the 
nature of the body. It is on this force of cohesion that depends 
the hardness and tenacity of a body. All solids must necessarily 
possess it to a greater or lesser degree, since otherwise they would 
fall to pieces by their own weight. 

1 01. A liquid consists of parts which do not cohere with 
sufficient force to prevent their separation by their mere weight. 
Thus a mass of liquid placed upon a plane will separate by reason 
of the weight of its particles, and will spread itself in a film, more 
or less thill, over the surface. Nevertheless, even liquids exhibit 
some slight degree of cohesion, which is manifested by their ten- 
dency to form into spherical drops ; a sphere being the greatest 
volume which can be contained within a given surface. Thus 
particles of water falling in the atmosphere attract each other, and 
collect in spherules forming rain. If such spherules after their 
formation be exposed to cold, they harden and form hailstones. 
If a little mercury be let fall on a sheet of paper, it will collect in 
<inall silvery globules, notwithstanding the tendency of the gravity 
of its particles to make it spread over the paper in fine dust. In-> 
numerable examples present themselves of this class of phe- 
nomena. The tear as it falls from the eye collects in a spherule 
upon the cheek ; the dew forms a translucent globule on the leaves 
of plants. 

102. The manufacture of shot presents one of the most striking examples of 
this phenomenon in the arts. The lead, in a state of fusion, is poured into a 
sieve, the meshes of which determine the m«ignitudc of tho shot, at the 
height of about zoo feet from the ground. The shower of liquid metal, after 
passing througli the sieve, forms, like rain in the atmosphere, spherules, 
Srhich, before they reach the ground, are cooled and solidified. 

These spherules form the common shot used in sporting, and the preebion 
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of their spherical form shows how regularly the liquid obeys the geometrical 
law, that a sphere contains the greatest volume within a given surface. 

103. Aeriform bodies or gases are characterised, not merely by 
the absence of all 'Ooherioa between tlieir particles, but by the 
presence of a*centrary force of mutual repulsion. Air included 
in a cylinder under an air*tight pi^on will expand so to fill the 
increased volume as the piston is drawn up, and' to this expansion 
there is no practical liink. This is explained by supposing that 
around each molecule of the air or gas there is a sphere of repul- 
sion,' so that eaeh particle repels those around it. When the piston 
is raised to twice its former height, the air beneath it will expand 
into double its former^ volume* 

In til is case it must be concluded that the vacant spaces between 
the particles of air are twice as great as they were before the piston 
was raised. If the pistOn be again raised to double its present 
height, the same effect will take place. The air wUl again expand 
in virtue of the repulsive ibreo prevailing among its particles, and 
the interstitial spaces separating the particleswill be proportionally 
augmented. 

There is no known limit to this expansive quality, and it con- 
sequently follows that tlie region through which the repulsive 
forces of gases act has a corresponding extent. 

104. When the. surfaces of bodies 'are rendered sinooth, or 
brought into close contact by pressure, they will adhere together 
with considerable force. • The force .manifested in this case is called 
adhesion. 

Itinutiicrablc examples of the 'adhesion of solid bodies arc familiar to daily 
experience. We may write with chalk, or with a pencil, or charcoal on a 
wall or on a ceiling, although the elTect of gravity would be to cause the 
particles abraded from the e^alk, the lead, or the charcoal to fall from the 
wall or the ceiling. Dust floating in the air sticks to the wall or ceiling, in 
spite of the tendency of its gravity toTfall from them. 

105. The force of adhesion of solid surfaces one to another may ho ascer- 
tained by placing the adhering surfaces in a horizontal position, the lower 
one being attached to a fixed point, and the upper one connect^ with the 
arm of a balance. The weight necessary to separate them is the measure of 
the adhesion. If we desire to ascertain the amount of adhesion per square 
inch of surface, it is only necessaty to divide such weight by the magnitude 
of the adhering surface expressed in squai'e inches. 

It is on tho adhesion between metallic surfaces when pressed strongly 
together that the efficacy of a locomotive engine depends. The driving- 
wheels press with a great weight upon the rails, an<l are made to revolve 
round their own centres by the force of the engine. If there were no 
adhesion, or even insufficient adhesion, between the tire of the wheel and the!' 
rail on which it is pressed, the wheel would turn without advancing; and 
this actually does happen in cases ivhere the rails are greasy, and very 
flreqnently when they are covered with a hoar frost, the contact being then 
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interrupted^ and the matter between the wheel and the rail not offering the 
necessary adhesion. 

106. The effect known amongst workers in metal as the bite is the pdhesion 
of two mefallic surfaces brought into extremely close, coiitact. ■ It may be 
doubted whether this adhesion would not be ditninislued if seme fluid W'ere 
introduced between the surfaces. 

107. The adhesion between bodies, applied to one another in the solid 
form is not nearly so strong as that produced wh^ one of the two is in a 
fluid or semifluid 'State. When the sdft ' substance hi6 solidified^ the ad- 
hesion is often greater than the -cohesion of cither substance. Glues, cements, 
and solders supply remarkable examples of this. Two pieces wood glued 
together will break anywhere rather than at their Joint. The processes of 
gilding and plating also supply examples of the adhesion of metals’ to each 
other, when applied in this'way. 

X08. The process of silvering minors is an' example of the adhesion of 
metal to glass ;4md that 'pf mortar in building is an examifle of the adhesion 
of earthy matters to each, other. 

Two pieces of caoutchouc, if pressed together upon freshly cut surfacesi 
will be found to unite as completely as if they composed one independent . 
piece. 


CUAV. vii . 

ELEMbTKTS OF MACHINERY^ 

109. A machine is an instrument or apparatus consisting usually 
of various parts, mechanically connected one with another, the 
purpose of which is to modify a moving force, so as to adapt it to 
the performance of some special sort of work. 

Thus, for example, a horse moving on a horizontal road is made to raise a 
weight vertically in the shaft of a mine, and men. pulKng at a rop^ in sonic 
direction more or less oblique are enabled to raise masses of heavy matter 
from the bold of a ship and. transfer them to an adjacent wharf. In like 
manner, the force of steam acting on the piston of a steam-engine, so as to 
drive it alternately from end to end of the cylinder, may be made to keep a 
wheel in constant rotation, and to transmit the necessary force to all the 
machines of a great factory* 

X 1 o. The force which gives motion to a machine is usually called 
the power, and the resistance which the machine is applied to 
overcome, whatever be its nature, is generally called the weight 

111. When the power and weight are adapted to each other, so 
that the one is capable of supporting the othei; without moving it, 
they are said to be in equilibrium. If the powqy be greater than 
this limit it will raise the weight, and if less,' the ^ight will 
raise it. 

112. Machines are either simple or compound. Simple machines 
are those which consist of a single moving piece ; complex, those 
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which consist of several moving pieces acting one upon the 
other. 

1 13. A lever is a simple machine which turns upon a fixed point 
of support or axis, called an axis^ ftdcrum^ or prop. 

114. The distance of the direction of the power from the ful* 

crum is called the leverage of the power^ and the distance of the 
direction of the weight from the fulcrum is called the leverage of 
the weight. The greater the leverage of the power is^ and the less 
the leverage of , the weight, the greater will be the efficacy of the 
machine. ^ 

115. The mechanical cfTect of the power is estimated by multi- 
plying the power by its leverage, and the mechanical resistance of 
the weight is found by multiplying the weight by its leverage. 
The power and weight will be in equilibrium when the product 
found btf multiplyitig the power by its leverage, is equal to the product 
found by multiplying the weight by its leverage. If the former pro- 
duct be greater than the latter, the power will prevail over the 
weight and raise it. If it be less, the power will be insuflieient 
even to support the weight. 

116. Levers ore of three kinds. In the AtW the fuVt^m 
is between the power and weight (Jig* 42.) ; in the second Kind 
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(fig. 43.) the weight is between the power and the fulcrum ; and 
in the third (fig. 44O9 the power is between the weight and the 
fulcrum. 



Fig. 4 J. Fig. 44. 


117. When a lever has equal anus, the leverage of the weight 
will equal the leverage of the power, and in that case the power 
and weight will be in equilibrium when they are equal., ^is is 
the case with the common balance (fig. 45-)9 where the substance 
weighed may be considered as the weight, and the weights which 
balance it as the power. 
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118. Various other weighing instruments arc used, which con- 
sist of levers with un- 
equal arms, and conse- 
quently in these the 
power and weight when 
. in equilibrium are not 
equal. In general a great 
leverage is given to the 
power or balanmng weigh t, 
and a small leverage to 
the thing weighed, so that 
small weights ore suffi- 
cient to weigh very pon- 
dei ous substances. 

119. The steelyard (jfig* 

46.) is a lever with un- 
equid arms. In this case 
the leverage of the ba- 
lanV'ing weight can be in- 
etj^ased or diminished at 
pleasure, so that such a position can be given to it ae can balance 
the substance weighed. The weight of the latter is determined 
in this case by the leverage and the balancing weight combined. 




1 20. A form of letter balance is shown in^. 47. 

121. In some forms of weighing instruments the weight is 
determined by the tension of a spring which it stretcheSi as shown 

4*f 49- 



34 ELEMENTS OF MACHlNEBf. 

122. A crow bar {fig. 30.) is a lever of the first kiud. and a 
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thopphig hnife (Jig. 31,) and wheel barrow (Jig* 32.) are levers of 
the second kind. 



Fig. 48. Fig. 49. 

123. Weighing machines arc usually composed of a combination 
of levers acting one upon the other, and so ai'rangcd that all th^ 
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1 24. When ilic lever, instead of having the fonn of a rod or 
arm, has the form of a wheel of which its fulcrum is the axle, the 
machine is culled the wheel and axU. In this case the leverage of 
the power is the semi-diameter of the wheel, and the leverage of 
the weight the semi-diameter of the axle. 

125. The windlass, fg, 55., und the capstan, fig. 56., are examples of the 
wheel and axle. 



r«g. 55* 

In some cases the man who works the wheel operates not by the strength 
of his arm, but by the weight of his body. In that case some provision is 



Fig. 5^ Fig. 57. 

made by which he can mount upon the circumference of the wheel. The 
treadmill, fig, 57., and tlie ladder^whed, fig. 58., commonly used in France, are 
examples of this. 

1 26. In complex machinery, where a succession of wheels act 
one upon the oAer, their force is transmitted from wheel to wheel 
hy connecting together the edge of each wheel with the edge of 
each^ucceeding axle, bv some contrivance which will prevent the 
one from slipping upon the other This is sometimes accomplished 
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Fig. 53. 

liy endless hands^ as sliowu in Jigs* 59, 60, 61., and sometimes by 
the rough edges of the wlieels themselves, as in Jtg* 62. 




1 27. The most usual and most eOectual manner, however, of 
transmitting the action of wheels one to another, is by means of 
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cut ujton tlicir edges, and so formed that the teeth of on « 
wheel sliall be engaged witli the cavities which intervene betwcei*. 
the teetli of another. In this case the axles, on the edges of 
which teeth are formed, are called piniom^ and the combination is 
called tooth oiuJ pinion W'ork. 

128. Wlu’ii teeth are formed on the edges of wheels, as in 
/%"• 63., they are culled spur wheels; 
wlicn funned in the surface of a hoop or 
cylinder, so as to be directed j>nrallel4o 
the axis, as in 64., they are called 
crown whovlx ; and when they arc ob- 
lique to the axis, as iu 65., they 
are called bevel wheelx, "Wlien a straight 
bar has teeth formed on it so as to bo 
worked by toothed wheels, ns in Jig, 66., 
the combination is called rack ami 
pinion, 

1 29. A pnlley is a simple machine consisting of a cord passing 
over a grooved whccjl, the power being attached to the one end and 
the weight to the other. 

Pulleys are either fixed, ns iu fg, 67., or’ movable, as in 

Jfe*. 68. 

1 30. The principle upon wdiioh the mechanical effect of pulleyj 
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is determined, is that the sanic cord must suffer the some tension 
through its entire length ; and from this it follows, that in the 



Fig. 66. Fig. 67. Fig. Og. 


fixed pulley (,/%". 67.) the power and weight arc equal, and in a 
movable pulley, such as that shown in,/^. 68., tlie weight is twice 
the power, since the weight is supported by the tension of two 
parts of the same cord b p and c 11, while the power is supported 
by only one, p c. 

131. Bypassing the same cord successively round a series of 
grooved wheels fixed in the same block, pulleys may be formed 
which will support a weight as many times greater than the power 
as there ore parts of the string combined to support the block to 
which the weight is attached. Different forms of pulleys of this 
kind are shown in Jigs. 69, 70. 

132. An inclined plane is a simple machine consisting, as its 
name implies, of a hard plane surface inclined to the horizontal 
line upon which the weight rests, os shown in^. 71. 

The power in this case is le.«;s than the weight in proportion to 
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133. The wedge is a simple machine consisting of two inclluc^ 
planes placed at an oblique angle forced between 
bodies, or the parts of a body, intended to be sepa- 
rated, aa shown in^^. 74. 

In theory the power of the wedge is to the weight 
or reinstance as ha^ the back of the wedge is to its 
length ; but this theory is not applicable in practice 
with any degree of accuracy, owing to the enormous 
disproportion which the friction of these machines 
bears to the power. 

134. The cases in which wedges arc most gene- 
rally used in the arts and manufactures, are those 
in which an intense force is required to be ex- 
erted through a very small space. This instrument is therefore 
used for splitting masses of timber or stone ; for raising vessels 
in docks, when they arc about to be launched, by being driven 
under their keels ; in presses where the juice of seeds, fruits, or 
other substances are required to be extracted ; as, for example, 
in the oil mill, in which the seeds from which the oil is ex- 
tracted are introduced into hiur bags, which being placed be- 
tween planes of hard wood are pressed by wedges. The pressure 
exerted by the wedges is so intense that the dry seeds are con- 
verted into solid masses as hard and compact as the most dense 
woods. Wedges have been used occasionally to restore to the 
perpendicular, edifices which have inclined owing to the sinking of 
their foundations. 

X35. All catting and piercing instruments, such as knives, razors, shears, 
scissors, chisels, nails, pins, needles, Sec., are wedges. The angle of the wedge 
in all these cases is more or less acute, according to tlie purpose to which it 
is applied. Chisels intended to cut wood have their edge at an angle of 
about 30^ ; for cutting iron from 50^ to 60^, and for brass about 80^ to 9aP. 
In general, tools whidi are urged by pressure admit of being riiarper than 
those whii^ are driven by percussion. The softer or more yielding the sub- 
stance to be divided is, the^more acute the wedge ma> be constructed. 

In many cases the eiBciehey of the wedge depends on that which is entirely 
omitted in its theory, viz., the friction which arises between its surface and 
the substance which It divides. This is the case when pins, bolts, or nails 
are used for binding the parts of structures together, in which case, were it 
not for the IHction, th^ would recoil from their places and fail to produce 
the desired MeL Even when the wedge is osed as a mechanical engine the 
presence of ftfotioii Is absolutely indispmable to its practical utility. 

136. The eerew is an indmed plane, which winds spirally round 
a cylinder. The interval between its successive spires is , called 
the pitdi of the screw 75.). 

The power of the screw b to the resbtance, as the dbtahee be- 
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tween two contiguoue threads is to the circomference described 
by the power, and as the power usually acts at the extremity of 
a lever inserted in the h^ of the screw (^fg. 76«), it is four^ 
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that the weight or resistance will in all cases be in an enormous 
proportion to the power. 

137. In eases whore liquids or Juices are to be expressed flrom solid bodies, 
the screw is the agent generally employed. It is also tued in coining, where 
the Impression of a die is to be made upon a piece of metal, and in pro* 
dneing the impression of a seal upon wax or other substance adapted to re- 
ceive it When soft and light materials, such as cotton, are to be reduced to 
A convenient bulk for transportation, the screw is used to compress them, 
nnd they are thns reduced into bard dense masses. In printing, the paper 
is sometimes urged by a severe and sudden pressure upon Retypes by means 
of a screw. 

13S. A screw may be cut upon a cylinder by placing the cylinder in a 
tnming-latho, and giving it a rotatoiy motion upon its axis. The cutting 
pdnt is then presented to the cylinder and moved in the direction of its- 
length at sneh a rate as to be carried through the distance between the in- 
tended threads while the cylinder revolves once. The relative motions of the 
cutting point and tlie cylinder being preserved with perfect uniformity, the. 
thread will be cut from one end to the other. The shape of the threads may 
be either square, as in/p. 75., or angular, as infg. 76. 

139. The slow motion which may be imparted to the end of a 
fine acrew by a considerable motion of the power renders it aa 
instimnent peculiarly well adapted to the measurement of very 
minute motions and spaces, the magnitude of wUeb oould scarcely 
be ascertained by any other means. 

To sxpW the manner in which it is applied: suppose a screw to be so 
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rut os to bare fifty threada in an inch, each* vt- 
rolution of the acrear will advance Ita point 
through the fiftieth part of an inch. Now, anp- 
pose the head of the screw to be a circle whose- 
diameter is an inch, the circumference of the- 
liead will be something more than three Inches : 
tliia may be easily divided into a hundred equal 
parts, distinctly visible. If a fixed index be 
prhsented to this graduated circumference, the 
iuindredth part of a revolution of the screw may 
l*c observed by noting the passage of one divi* 
ftion of the head under the index. Since one 
entire revolution of the head moves the point 
through the fiftieth of an inch, one division will 
correspond to the five-thousandth of an inch* 
lit order to obsor\’e tho motion of the point 
of the screw in this case, a fine wire is attaebed 
to it, which is carried across the field of vfeirof ' 
a powerful mieroseope, which the ntetioii is'ao- 
magnified as to be diatIneUy pereeptlble. 

140. When the thread of a screw acta 
in the teeth of a wheel, the screw is called 
a worm or endless Morew 77*)- 

141. A regtiiator consists of a rnecha- 
nical contrivance the purpose of which 

IS, as the name implies, to regulate the power, that is, to render- 
it proportionate to the resistance. Tliey generally, but not always, 
act upon that point of the machine which commands the supply of 
the power, by means of some mechanism adapted to check the 
moving principle whenever the motion becomes accelerated, and 
increase the supply wheti it becomes retarded. 

In a water-wheel, for example, this is accomplished by acting upon the ■ 
shuttle^ and In 'windmills by the adjustment of tho sails; in the steam- 
engine by acting on a valve, called the throttle valve, placed in the main 
pipe through which the steam flbws from the boiler to the cylinder ; and in 
«:1ock and watch work by the escapement 'wheel, so as to prevent the - 
acceleration of tlie motion which would arise from the uninterrupted action 
of the moving weight or main spring. 

142. The governor^ whicli is one form of regulator of the steam- 

engine, is shown 78. 

When the velocity becomes too great, the balls n, n fly out from 
the axis, and partly close the throttle valve v, and when the - 
motion becomes too slow, they collapse towards the axis and open 
the throttle valve. 

143. In watch-work the varying power of the mmn^spring is . 
equalised by theyhaea, as shown in^^. 79. 

Tlie form of the fusee is conical, and when the tension of the-' 
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main-spring is greatest, the 
chain acts on the narrowest 
part of the cone, where it 
has least leverage, and as 
the spring is gradually re- 
laxed, the chun passing 
off the cone acquires a 
gradually increased lever- 
age, so that the augment- 
ation of the leverage is as 
nearly os possible proper- 
tionatc to the diminished energy of the spring. 



Fig. 79^ 

144. In the successive positions assumed by the pai*ts of a 
machine in its motion, the effect of the power upon the working 
point varies, and cases occur in which its effect is even for a 
moment altogether interrupted, and in which the machinery loses 
all power ovci* the resistance. The consequence of this would be, 
that, even though the power and resistance should both be uni- 
form, the action of the former upon the latter would be subject to 
periodical variation. 

145. To rentier this, as wall as the mechanical provision made to remedy 
it, more clearly intelligible, we ihall take the ex- 
ample of the common crank used in various ma- 
chines. A crank is nothing more than a doable 

^ winch. It is represented complete with both its 
~ arms in Jtg, Sa Attached to the middle of o n, by 
a Joint, is a rod, which Is the means of imparting 
the effect of the power to the cranx. lliis rod is 
driveti by an alternate motion like the brake of a 
pump. The bar oo is carried with a circular mo- 
tion round the axis A f. 

Let the machine viewed in the direction ab kf of the esrit be COOCelFed 

to TipMeated in 8l«, where a represents the centre round which the 
wnotion is to be produced, and o the point where the connecting rod g h ia 


ni» 
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attached to the arm of the crank. The circle through which o is to.be 
urged hj the rod is represented bj the dotted line. In the position repre- 
sented in fy, 8i^ the rod acting in the direction h g has its fhll power to 
turn the crank a a round the centre a. As the crank comes into the position 
represented in Jfy. 8a., this power is diminished ; and when the point o comes 
immediately below a, as in Jfy. 83., tho force in the direction ii o has no 
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effect in tiiriiiiig the crank round a, but, on the contrary, is entirely expended 
in pulling the crank in the direction o A, and therefore only acts on the 
pivots or gudgeons which support the axle. 

At this crisis of the motion, therefore, the whole effective energy of the 
power is annihilated. 

After the crank has passed to the position represented in>^. 84., the direc- 
tion of the force which acts upon the connecting rod is chan|^, and now the 
crank is drawn upward in the direction o ii. In this position the moving 
force has some efficacy to produce rotation round a, which efficacy continually 
increases until the crank attains the position shown in 85., when its 
power Is greatest. Passing from this position, its efficacy is continually 
diminished until the point o comes Immediately above the axis a (/ry. 86.). 
Here again the power loses all its efficacy to turn the axle. The force in tho 
direction o H or 11 o can obviously produce no other effect than a strain upon 



rig. U Fig. 85. Fig 86. 


It will be evident from this tliat the action of the power transmitteil to the 
working point G la very variable. At the dead points represented in>^ 83. 
and 86., the mariilne^ if depending solely upon the moving power, most come 
to rest, for at both points the whole eflhet of the power would be exerted in 

pNtednf pNmun w til* axle and gadgMnu of tba erank. Huoo^ a 

mmH flitiwr dd. of thoM doMi pointi^ th. cdRset tnuimittod to 
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thoogli not flbaolately nothing, is almost evanescent, so that it may Ini con 
iMai^ that through a small arc at either side of each of the dead points thei 
machine is still inert 

It tnitsC^ however, be considered that. In virtue of its inertia, the motion 
Whieh the mad&lneiy bad previously to its arrival at its dead points bos a 
tendency to continne; and if the resistance of the load and the effects of 
Ikiction be not too great, this disposition to presen-e its state of motion vrill 
extricate the machinery from the mechanical dilemma in which It Is involved 
in these cases by the particular disposition of its parts. Although, however, 
the motion will not therefore be actually suspended, on the arrival of the 
crank at the dead points, it will be greatly retarded^ and, on the other hand, 
whmi the power acquires its greatest activity, as it does in the position repre- 
aented \njlga, 8i. and 85., it will be unduly accelerated. 

146. These irregularities are equalised by fixing upon the axis of the. 
trank, or at any other convenient part of the machine, a fly wheel, which is 
a masriva ring of metal, connected with ti central box or nave b}’ compara* 
tively light spokes, and turning on an axis with but little friction. If any 
force be applied to It, with that force, making some slight deduction for fric- 
tion, It will move and will continue to move until some obstacle retard it, 
whidi obstacle will receive from it as much force as the fly wheel loses. 

The effect of such a wheel iJUf. 87.), applied to the parts moved by the 
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crank, will equalise tlio inequality which has just been described. Whdi. the 
crank assumes the position represented in JIga. 81. and 85., where the power 
has fhll play upon it, the effect of the power is portly transmitted to the 
machine^ and partly received by tbe movable rim .of the fly wheri, to which 
it imparta increased momentnm. There is here, it is tme, an acceleration of 
the motion, but one which is comparativriy small, inasmudb as the great 
maw of the fly wheel receives the momentum without senrible increase of 
speed. When the crank gets into tbe predicament represented at the dead 
pointa 83. and 86.), the momentum of the fly whed, received when the 
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mnk acted with the most advantage^ Immediately conveys its force to the 
working-pidiit extricates the macbinei and cariying the crank out of the 
neighbooyrhood of the dead point, brings the power again to bear upon it. 

The pndubfM^ which is the most perfect of regulators,, is 
chieflj applied to clodc-work. This instrument conaiats of a 
heavy diao of metal, which swings alternately from aide to side 
with a vibrating motion. It b the property of such motion that 
all its vibrations shall be performed in precisely the same time. 

The control of the pendulum is exercised upon tho clock-work by means 

of a wheel x {fig. 88.), 
cullad tbe escapement 
wheeL The pendulum is 
connected with a piece 
ABO called ftom itelbrm the 
andior, the hooks of which 
catch alternately in the 
inclined teeth of the es- 
capement wheel. The an- 
chor swings right and left 
with the pendulum, and 
stops and liberates the 
teeth of the wheri x alter- 
nately, ao that one tootli 
poaoes Ibr each vibration. 
Were it not for this con- 
stant check acting upon 
the wheel x, its motion 
would be accelerated by 
the accelerated motion of 
the moving weight. Tbe 
, result of this combination 
is, that the motion of the 
wheel work is not, as is 
commonly supposed, con- 
tinuous, but intermitting, 
being stopped each time 
that the hook n orn'of tho 
anchor arrests a tooth of 
the escapement wheel x, 
find let on the moment it 
is disengaged. Thb inter- 
mitting motion is rendered 
visible by observing the seconds hand of a clock, which goes by starts, the 
starts coaiaipending to the oscillating of the anchor. A side view of tho 
whed wodt iapeesented in fg. 89., and a front view in fig. 90. 

It wiU 1 ^ orident upon in8pec&ii,that the moving poweris the descending 
weight w,^O^iOe the lognlating power b the pendulum v. 

148. iu some eases a force b required much more intense than 
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Fig. 9^. 

any which can be obtained by mere pressure. This object is 
attained by substituting percussion for pressure. 

If, for example, it be required to cause a nail to penetrate a beam of wood* 
wo should attempt in vain to accomplish this by producing any pressure, 
however great, on the head of the naiL A few blows of a hammer, never- 
theless, easily effect this. In this case, the moving power is the hand, or 
other force which raises the hammer. The mass of the hammer, in lUKng 
on the head of the nail, imparts instantly to the nail the entire force which 
was exerted in lifting it, but with this difference, that ouch forces in raising 
the hammer, was develoi^ in a certain definite time, whereas it Is discharged 
Bpon the head of the nail in an instant. 

The same observations apply to all cases in which percasslon Is used* la 
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all these eases the force is devdoped in a definite timep but is discharged npoii 
the reifistance in an instant. 

149. It is necessary in such cases that the matter to be pene- 
trated should present a corresponding reinstance to the percussion, 
since no penetration would ^e pL^e in such a case as is repre- 
sented in fig. 91. This object is attained by providing a resist- 
ance behind, as shown in^^^ 92. 



Fig. 91. Fig. 9s. 

When a very intense force is required, the purpose is attained 
by providing a large mass of matter, which, being put in motion 
by the continued action of a force, discharges its accumulated 
energy in an instant upon the object to be affected by it. 

15a A weapon ciillod a llfk^prtMtrver consists of a piece of lead sometimes 
Attached to the end of a piece of cane or whalebone, with which a blow may 
be given with great force. Innumerable examples of the application of this 
principle will present themselves to every mind. Flails used in threshing, 
club% canes, whips, and all instruments used for striking, axes, hatchets, 
cleavers, and all instruments which act by a blow, present examples of this 
principle 

151. A screio press presents a familiar example of this. Heavy balls of 
metal All, (Jig. 93.) are fixed upon the ends of the screw lever, and whirled 
rapidly round. They transmit their whole momentum through the inter- 
vention of the screw, to the part upon which the instrument acts. 

152. Mills for rolling metals or punching boiler plates supply striking ex- 
amples of thia accumulation of force. In these cases a large fly wheel is 
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needy on whicli no load is placed, ^rbich 
is put in rapid revolution by the 
moving power, whatever it may be. 
When a eufiieient momentum has been 
imparted to tlie wheel, the metal to be 
rolled or pierced is submitted to the 
machine, and is immediately flattened 
or perforated by it, depriving at the 
same time the fly wheel of a corre- 
sponding quantity of niomontuin. 

153. In the same manner, a force' 
may be obtained by the arms of men 
acting on a fly for a few seconds, sufit- 
cient to impress an image on a piece of metal by an instantaneous stroke. 
The fly is therefore the principal agent in coining-presses. 

Some presses used in coining have flies with arms four feet long, bearing a 
hundredweight at each of their extremities. If such a velocity be imparteil 
to such an arm that it aliall make one revolution per second, the die will bo 
driven against tbe metal with the same force as that with which 3} tons 
would fall from the height of 16 feet, which is an enormous power if tlie sim- 
plicity and compactness of the machine be considered. 

The open work of fenders, fire grates, and similar ornamental articles 
constructed in metal, is produced by the action of a fly in the manner already 
described. 

Tlie cutting tool, shaped according to the pattern to be executed, is at- 
tached to the end of tbe screW| and the metal being hdd in a proper position 
beneath it, the fly is made to urge the tool downwards with such force as to 
stamp out pieces of the required figure. When the pattern is complicated, 
and it is necessary to preserve with exactness the relative situation of its 
different parts, a number of punches are impelled together, so os to strike the 
entire piece of metal at the same instant, and in this manner the most elabo- 
rate ojien work is executed by a single stroke of the hand. 

[154. The mechanical effect of a force is estimated by the in- 
tensity of the ibree multiplied by the space through which it acts. 
This is called the work done by the force. In like manner the 
effect of a resistance is estimated by the product of the rei^tance 
and the space through which it is overcome. That part of the 
effect of the force which is spent in overcoming the resistance 
through this^ space is called the work done against or on the re- 
sistance, Now in all machines whatever, the work done by the 
power must he greater tlian the work done on the weight, to- 
gether with the work done against the various resistances, and 
frictions introduced by the construction of the machine. The 
numerical application of this principle will he found in the 
Appendix, hut it is here inserted as explfuning the effect of per- 
cussion. A certain' force being exerted by the arm in moving a 
hammer, acts through a distance of two or three feet, but the 
work thus performed is expended in a space of ahoiit half an inch, 
and the intensity of the pressure on the head of the nail is in- 

E 2 
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ereased relatively to the force exerted by the arm in the ratio of 
36 (3 ft.) to or 72 to I.] 

155. Besides the simple machines commonly called mechanical 
powers which have been already enumerated, a great number of 
other expedients have been contrived for the modification of 
motion or force, a few of the most important of which will now 
be described. 

1 56. Rotatory motion round an axis can be made to produce 

rotatory motion round 
other axes in other direc- 
tions by various combina- 
tions of bevelled wheels, 
as is shown in Jig^. 94., 
9 S » 96- 

1 57. A most convenient 
contrivance, called from its inventor Hook’s or the universal joint, 
is shewn in^^. 97. and in a modified form in Jig. 98. 

This is frequently used in adjusting the position of large tele- 
scopes. 




Fig. 95. Fig. 96. 

158. In the practical application of machinery, it is often neces- 
sary to connect a part having a continued circular motion with 

another which has a re- 
ciprocating or alternate 
motion, so that either 
may move the other. 
There are many contri- 
A ances by which this 
may be effected. 

One of the most m- 
markable examples of it 
is presented in the es- 
capements of watches and 
clocks. 

159. A beam vibrating on 
an axis, and driven by the 
piston of a steam-engine, or 
any other power, may communicate rotatory motion to an axis by a con- 
nector and a crank. 




Ftp, 97. 


Fig. 98. 
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A whed A (Jfff. 990 armed vith wipers, acting upon a sledge-bammer b, 
fixed upon a centre or axle cv will, by a continued rotatory motion, give the 
hammer the reciprocating motion 
x'eceesary for the purposes to which 
it is applied. The manner in which 
this acts must be evident on inspect- 
ing the figure. 

160. The large shears used in fac- 
tories for cutting plates of metal are 
worked upon a similar principle. 

The lower edge of the shears (Jfff. 
xoo.) is fixed, and the upper movable 
u|ion a joint. Under the extremity 
of the movable arm is placed a wheel, the contour of which has the form 
ahown in the figure. In Llie position there shown, the arm is in its lowest 
{•osition, and therefore ^he blades of the shears diverge as much as [xossible. 



When the wheel turns, so as to raise the movable arm, the shears will bo 
closed. In this way, by the continual revolution of the wheel, the shears 
will be alternately closed and opened. 

161. The t reddle of the lathe furnishes on obvious example of a vibrating 
circular motion producing a continued circular one. The treddle acts upon 
a crank which gives motion to the principal whod, in the same manner as 
already described in reference to the working beam and crank in the steam* 
engine. 

162. The moving power is sometimes of sucli a nature as to 
produce, an alternate motion^ up and down^ in a straight line. 
Almost every form of steam-engine, in which the piston is driven 
alternately from end to end of the qrlinder, presents an example 
of this. This alternate mouon is to be imparted to the working 
beam, which moves not in a straight line, but alternately in the 
arcs of a circle, of which the centre of the beam is the centre. It 
is, therefore, necessary, in such cases, so to connect the end of the 
piston rod with the head of the beam, that while the one moves 
up and down in a straight line, the oAer may move up and down 
in a circular arc. 

Various methods have been contrived to accomplish this. 

In jffg. lox. the piston rod r is connected with the beam by a flexible chain 
A, whi^ appUm itself to the arch head bd. In this case the piston only. 
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puUft fhe beam down, but cannot pueb it up. When it ia required that the 
piston-rod should act upon the hwm both upwards and downwards, a double* 
flexible chain has been sometimes used, as in Jig. tca^ or thi|^ are connected, 
by teeth, ns in fig. 103., but the most common method is that represented in^ 
fig. 104., culled the pam^el motion. 



In this case the end of the beam 11 Is counected with the end d of a 
vibrating rod, and the connecting bar dd is moved alternately upwards and 
doivnwards. In its motion its mld^e point p moves in a straight line, or 
very nearlj” so. 




Fig loj. 


veraal joint* 
An example 
of familiar 
to everyonei is 
presented by 
the apparatus 
for suspend- 
ing a ship’s 
compass {fig* 
105.). The 
object is to> 


keep tlie suspended body Loiizontal, whateyer be the derwnge* 
ments to which the points of suspension are liable. 



BALL AND SOCKET.— CRADLE JOINT. 




A braas hoop is snpported two pin^ projecting from points of its ex« 
temsl Burfiice which are diam^ricaUy opposed to each other. Another brass 
hoop is supported within the former, also by two pins projecting from points 
of its external snrfkce^ diametrically opposed one to the 
other, which play in two holes made in the former hoop at 
the extremities of that diameter, which is at right angles to 
the diame^ar at the extremities of whidi the first points of 
support are placed. 

164. 7 %a bail and socket joitdj represented in 
figs. 106., 107.1 some of the properties of 
the uniTersal joint. % The ball moves with 




Fig. 106. 


Fig. 107. 


a certain play within a hollow spherical case, corresponding With 

it in magnitude. The action of this joint 
will be readily understood from the figure. 

1,65* joint called ibe cradle jaimi » 

that by which the legs of compasses are 
connected, 1 00. 

1 66. Hinges are obviously cradle joints, 
applied in a particular form. 

167. Trunitions are strong cylindrical 
pins, projecting from the sides of a body, 
and rest in a semi-cylindrical groove, 
formed at equal heights in two pillars, so 
that the line connecting the trunnions 
shall be horizontal. A body such as a 
grindstone, thus supported, will revolve 

Fig. 108. ' A'eely in a vertical plane, having the 

trunnions as its axis. 

1 68. Ax^s are centres round which a wheel revolves, but wheels 

maj tum^ither upon or with their axles. The wheels of ordinary 
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carriages turn upon their axles, the axles being strong iron bars, 
exten^ng horizontally and transversely under the body of the 
vehicle. Their extremities, which pass through the centre of the 
wheels, have a cylindrical or slightly conical form. The centre 
part of the wheel, in which the spokes are inserted, is called the 
tiase, and the central part within it, into which the extremity of 
the axle passes, is called the box* The inner surface of the box 
has a form corresponding to that of the axle, but a little larger, 
so as to admit a lubricating fluid between them, by the interposi- 
tion of which the actual contact of the metallic surfaces of the 
axle and the box is prevented, no matter what be the pressure by 
which they are urged one against the other. 

In railway carriages, the wheels and axle form one solid piece ; 
the cylindrical or conical extremities of the axle project dutside 
the wheels, and certain parts called bearings rest upon them. In 
this case, therefore, the extremities of the axle revolve with the 
wheels under the bearings. Reservoirs of lubricating matter, called 
the grease boxes^ are placed immediately over the axles, by which 
the grease is let continually down upon the axles. 

169. The telescope joints extensively used in mechanics, is 
familiar to every one. In this case one tube slides within another. 

170. The bayonet joint takes its name from the way of fastening 
the bayonet on the musket. Its simplicity and efficiency have 
rendered it of extensive use in practical mechanics. As in the 
telescope joint, one tube passes within another ; but in this case 
they are held in a fixed position by means of a pin which projects 
from the inner tube, and passes through a rectangular opening in 
the outer tube. 

Fig, 109. represents the position of the pin when the inner tube is pressed 
into the outer, until the pin conies against the edge of the opening and 
stops its further progress. In this position, however, the inner tube might 
be detached from the outer by any force tending to draw it out. To prevent 




Fig. 109. Fig. no. 

ibis, it is turned round its axis, until the pin enters the rectangular opening 
in the cater tube, as shown infy, no. It cannot be detached then withont 
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two successive motions being given to it ; one round, and the other parallel 
V> the axis of the tube. 

17 j When parts of mechanism usually separated require to be 
temporarily connected, the object is attained 
by clamps^ which are made in an infinite variety 
of forms, according to the circumstances in 
which they are applied. An example of this 
class of contrivances is shown in Jig, ill. The 
ends of the parts to be united being placed 
one upon the other, are introduced into the 
rectangular opening shown in the figure, and 
the screw is then turned until it urge them by 
a pressure sufficiently strong to hold them together. 

172. In the practical operation of machinery, it is frequently 
necessary to be enabled to suspend at pleasure, or to recommence, 
the motion of a wheel or wheels. This is accomplished by a class 
of contrivances called couplings. 

When the motion of a wheel is imparted to another by an endless 
band of leather stretched tightly round them, the motion can be 
suspended or resumed, at pleasure, by making the band loose, and 
giving it the requisite tightness by pressing upon it a roller at any 
intermediate point between the wheels : so long as the pressure of 
the roller is maintained, the rotation of one wheel will be imparted 
to the other ; but the moment the roller is removed, the communi- 
cation of the motion will be suspended. 

In some cases, the communication of the motion is discontinued 
or altered by removing the band from one or other of the wheels 
by lateral pressure. By this expedient, the velocity of the motion 
imparted may be modified. Thus, if several wheels be fixed side 
by side, on the same axis, having dificrent diameters, the strap may 
be shtfibed from one to another, the velocity of rotation imparted 
being increased in the same proportion as the diameter of the wheel 
receiving the motion is diminished. 

173. Couplings are sometimes constructed by providing two 
wheels upon the same shaft, one turning upon and the other with 
the shaft. 

Let ns suppose that the moving power keeps the wheel which turns upon 
the shaft constantly in revolution, Vut does not act upon that which turns 
vrith the shaft. In that case, it is evident that no rotation would be 
imparted to the shaft. Now let us suppose that the wheel w w (Jig, 112.) is 
that which turns upon the shaft, that attached to it is a collar c embraced 
hy a fork f at the end of a lever l, Uiat the wheel with the collar is capable 
of sliding longitudinally on the shaft 1, and that its surface towards s' is cut 
into a sort of angular teeth correspo>iding with similar ones formed in the 
tace of the wheel V V, which toms the axle. When, by means of the 
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tevar ii md th* fink f, tha wbad w w to morad toward* the wIkh-I w' w-*, *0 
fhat fha teoOi an inserted the one srithin the other, the two wheel* tbu* 


Xi 
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Ffg. 111. 


fbrming ft Biogle one, the wheel w vr will impart its motion to w' and* 
therefore to the ahaft a s'. 

On the contrary, when it ie desired to snapend the motion of the abaft, the- 
wheel %v w is drawn by the leiver i* w towards a, and disengaged from V w'. . 

174. A class of meclianieal forces, which though capable of 
diminishing or destroying motion, arc incapable of producing it,, 
arc called remting forces. Of these friction ahd aimocpheric re* 
cistanee are the most important. 

175* Friction varies in its effects according to the sort of* 
motion by which the body ia affected. If a body moves with 
sliding motion, the friction is much greater than if it rolls. 

In general the friction is proportional to tlie pressure with 
which the rubbing surfaces act one upon the other, and is inde* 
pendent of the magnitude of these surfaces. 

1 76. If the surfaces in contact be placed with their grains in 
the same direction, the friction will be greater than if their griuns 
cross each other. Smearing the surfaces with unctuous matter* 
diminishes the friction, probably by filling the cavities between 
those minute projections which produce the friction. 

177. The pivots of pendulums or balances arc usually made of' 
steel, and rest upon hard polished stones, different surfaces being 
used for the purpose of diminishing the amount of friction. Brass 
sockets are generally used for iron axles on the same principle. 

178. In the selection of lubricants, those of a viscous nature are- 
selected, in the case of the rough surfaces of softer bodies, and 
tl^ose which arc more fluid are applied to thf smoother surfaces of 
hard^ bodies. 

V ^ when metal moves upon wood, tallow, tar, or some solid grease is 
generally used ; but when metal moves upon metal, oil is prcfrrred ; and the 
harder and the smoother the metal, the finer the oil. Finely pulverised 
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plumbago ia found to be a my efficient agent in diiiAfilsbing fKctiop» 
especially aa apgilied to tfae axles of canriagee and the idialls of machineiy. 

I Boilers are used with much success as an expedient 
for diminishing friction. 

A roughly chiselled block of stone» weighing soSo Ibs.^ was drawn from the 
quarry on the surface o? the rock by a force of 758 Iba It was then laid 
upon a wooden jledge^ and drawn up6n a wooden floor* the tractire force 
being 6q6 lbs. IVhen the wooden snrfimes moring upon one another were 
smeared with tallow* the tractive force was reduced to 18a lbs. } but when 
the load was* id flue* placed upon wooden rollers threo feet in diameter* the 
tractive ferce was reduced to 28 lbs. 

180. — Although it is therefore obvious* on general 

principles* that the friction of sliding considerably exceeds that of 
rolling, vehicles supported on stnught and parallel edges* sliding 
over the surface of the ground* are often found more convenient 
than wheel carriages. In climates where snow and frost prevail 
during the winter* sledges supersede all other carriages. 

In New York and other cities of North America* public vehicles*' such ns 
omnibuses, hackney coaches, and all other conveyances, are taken olBT the 
wheels, and placed upon sledges* on which they are drawn along the streets 
and roads. ( fVp, i j 3.) 
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At all seasons and in all climates sledges are, for certain purposes, more 
-convenient than wheel carriages; thus, draymen are provided with small 
•ones to take barrels into narrow streets, where the approach of the dray 
would be difficult or impracticable. ii^> 

1 8 1 . When heavy weights, such as large blocks of stone, arc 

required to be moved 
through short dis- 
tances, the applica- 
tion of rollers is at- 
tended with great ad- 
vantages; but when 
loads are to be trans- 
ported to consider- 
able distances, the 
process is inconve- 
tiient and slow, owing to the necessity of continually replacing the 

rollers in front of the 
load, ns they are left be- 
ll ind by each progressive 
advancement (ySV/. 115.). 

182. Tho wheels of car- 
riages may bo regarded as 
rollers which arc continually 
carried forward with the 
load. In addition to the friction of the rolling motion on the road, they 
hav<^ it is true, the friction of the axle in the nave ; but, on the other hand, 
they are frcQ from the friction of the rollers with the under surface of the 
load or the carriage in which tho load is transported. [Tho advantage of 
whecd carriages is evident on application of the principle of Sec. 155. The 
effect of the Motion on the nave during one revolution is to be estimated by 
the Motion itself, multiplied by the space through which it is overcome ; 
which is in this case the inner circumference of the box. This effect of 
friction, therefore, may be made as small as required by«dimuii8hing the cir- 
cumference of the axle. A limit is set here by tho rapid diminution in 
strength consequent on this decrease in diameter, and the wheelwright lias 
to secure the requisite strength with the smallest possible diameter of axle. 
But it is to be noticed that the quantifg of friction is practically unaffected 
by this diminution; this depends chiefly on the nature of the surfaces inoon- 
tact, and on tho pressure, and only to a trifling extent on the velocity with 
which tho one moves on the otlier.3 

183. CtutorM (Jig 9 * 117, 118.) placed on the feet of tables and other articles 
of fhmiture facilitate their movement from one place to another by substi- 
tuting rolling for sliding friction. 

184. Frwtion roflen (a 119.) are sometimes inter^sed between an 
axle and its bearings, to diminish the friction attending their motion one 
upon the other. 

185* If a carriage were capable of moving on a road absolutely 
free from friction, the most advantageous direction in which the 
'tractive force could be applied would be parallel to the road ; but 
when the motion is impeded by friction, as in practice it always is, 
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It is better that the line of draught should be inclined to the road, 
.so that the drawing force may be exerted partly in lessening the 
pressure on the road, by in some degree elevating the carriage, 
and partly in advancing the load. 

1 86 . The most perfect modem road is the iron railway, by 
which the resistance due to friction is reduced to an extremely 
small amount. 

The rolling portion of the wheels is in this case diminished by 
substituting for the surface iron bars called rails, supported upon 
cross beams of timber 1 20 .), at distances apart corresponding 
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to that of the wheels, which are formed with ledges or danges 
projecting from their tires. These falling within the rails 0?g. 1 zi .) 
coniine the vehicle to the rails, the even surfaces of which in con- 
tact with the tires produce very little resistance. 

Various experiments have been made^ with a view to determine this 
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Fig. 121. 

resistance $ but much difficulty arisesi owing to the eiTucts of atmospheric 
resistance being combined with those of friction. 

All extensive series of experiments was made by the author of this 
volume in the year 1838 * with a view to determine’ the amount of resistance 
to railway trains; the results of which showed that this resistance Is much 
more considerable than it had been previously supposed to be» but that it 
depends in a great degree on the velocity, and probably arises more from 
the resistance of.tbo air than ttom friction, properly so called. 

187. Friction is generally resorted to as the most convenient 
method of retarding the motion of bodies, and bringing them to 
rest. Expedients of various forms, called brakes^ have been con- 
trived for this purpose. 



i'ig. 1Z2. 

The form of brake called a shoe, used in travelling carriages, is shown in 
fiSf lata. 

* The details of these experiments will be found In the reports of the Brit Assoc, for 
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Fig. izi. 


i8S. The brake used in diligences and other heavy vehicles on the 
continental roads, which is similar in principle to those used in railway 
carrla^ras, is shown in Jig. 123. Surfaces of wood are pressed against the 
tires or the wheels by a combination of levers pressed by the hand of the 
guard or conductor. 


189. Friction is sometimes used as a point of resistance, as 
where a cable is coiled round a post to arrest the progress of a 
vessel ifg. 1 24.). 
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^lOVING POWERS. 

190. The natural forces used for the production of mechanical 

a effects are very various. 

Those applied to move ma- 
chines; sometimes called 
prime movers^ are animal 
pmom', deam^ water, winiJl, 

[The first two of these differ 
from the others in generating the 
force they render avaUable— that 
is, producing it firom heat, etc. ; 
whilst tlie others simply modify 
the action of previously existing 
force. Again, water and wind 
differ from weights and springs, 
in that tlie requirdte amount of 
force is accumulated in them by 
the processes of nature; whilst 
the latter have to be prepared 
for action artificially, as by 

mals may be employed ns a 
moving power in various 
ways; the animal may re- 
main without change of po- 
sition; working by the action 
of its members; as when a 
I d -a 3nan works at a windlass; 

or it may advance progres- 
f sivcly, transferring its own 

I I ^ . body; and carrying; Rawing, 

I itk I or pushing* a load. Theme- 

LrOx I " chaniCal ’^ect produced by 

/yj such a powfer is fiubject to 

‘'extreme Variation; according 

I THtIi 1 ^ vikious conditions 

I ** ' ' ^ under whieh it is exerted; 

And in an economical point 
T ^ W viSfw it is, tAierefore; of 

I I "H" extreme importance to de- 

^ ^ ^1 tefttiiiie; with respect to each 

rig Vsj. f ‘ animal) the circumstances 



SPADE LABOUR, 65 

and conditions under which the greatest amount of useful effect 
can he obtained. 

192, In general, howerer, human labour produces, in the long 
run, the greatest effect when it is exercised with frequent intervals 
of rest ; and accordingly the greatest effect is produced when an 
animal ascends, raising nothing but its own weight, and produces 
the mechanical effect by that weight itself in descending, so that 
the animal actually reposes in the intervals during which the 
mechanical effect is produced {Jig. 1 25.)* 

The great advantage obtained by this mode of applying animal force will 
lie apparent, when it Is 8t.,ted that the man who can thus produce an effect 
of two millions of pounds could not produce, in working at a windlass, a 
greater effect than a million and a quarter, 

193. Spade Labour is one of the most disadvantageous forms 
in which human force can be applied. 



Fig. 126. 


The spade or shovel is a lever of the first or third kind, according as the 
one hand or the other applied fS its handle is regarded as the fhlcruip, the 
other being the poFSf, and the earth taken up upon it being the weight. 
And since that of the handle included between tibia two hands is 
always leqi-than that between, the lower hand and the earth, the force 
exerted is idweysgreefer than the weight of thd earth hiised. 

194. Befove* tl^e invontii^n api ia^vovement of the steam- 
engine, the force pf horsiyi was vei^pxtensively used as a moving 
power; and although ;4t8^ai^icatiion to machinery is now much 
less frequenti it is still jsrqsoirted to, especially in places where fuel 
is expensive. 

It is found, in practice^ that the meet cenvenient method of applying 
horse-power to machineiy is by ^means of a ^rge toothed whe^ fixed oa 
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a itrong vertical axbi and therefore turning horizontally; to the arma 
of this wheel two or more horses, called mai^iners^ are yoked In such a 
manner as, by travelling constantly in a circle of which the axle of the 
wheel is the centre^ and thus pushing against their collars^ to make the 
whed revolve. The wheel in this case may have the form called a crown 
wheels as represented in yiy. 1x7., in which case it gives motion to a 
horizontal shaft by means of a spur-pinion or basket on that shaft on 
which it acts; or the same object may be attained, perhaps preferably, by a 
bevelled wheel acting on a bevelled pinion, as explained in iz8. 



Fig. 1x7. 


The greatest average maximum force which a horse can exert in drawing 
is about 900 lbs. ; but when he works continuously, the force exerted must 
be much less than this. A good draught-horse working 6 days a week at 16 
miles per day, and travelling 5 miles an hour, will bear a tractive force of 
about no lbs., and his daily labour will be equivalent to about 10^000000 
Iba raised 1 foot A horse driving a Hillchine, as represented in 1x7., 
produces a somewhat less effect t^an 'a draught-horse. To preserve the 
animal from needless fatigue by travelling in too small a circle^ the arm to 
which he is yoked should not be less than ao feet in length. 

195. Every one is familiar with the term horse^power as applied 
generally to steam-engines, as well as to water mills and other 
machines, but few have a definite notion of its import; horse-power 
tlius applied, is a term merely conventional, having no reference 
whatever to the actual work of the animal from which its name is 
taken. A steam-engine which is capable of a mechanical effect 
per minute equivalent to 33000 lbs. .raised 1 foot, is a steam- 
engine of 1 horse-power ; and in general, if the effect produced 
per minute by any machine, whatever be the power which impels 
it, be expressed as usual by an equivalent number of pounds* 
weight, the number of horse-power which characterises it will be 
found by dividing the latter number by 33000. 
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196. Water-power is rendered available for the motion of 
macUneiy by intercepting its fall or progress bj wheels having 
buckets or leaves at their circumference, upon which the water 
acts either by its impact or weight so as to keep them in revolution 
with a corresponding force. 

197. The force of the atmosphere in motion is rendered avail- 
able as a mover for machinery by means of arms, called sails, which 
are driven round in a plane nearly vertical, giving revolution to a 
horizontal axis. 

198. When heat is applied in sufficient quantity to water, the 
liquid is converted into vapour which has all the mechanical 
qualities of air, being elastic, expansive, and compressible. Its 
expansive force cannot be said to have any practical limit, but the 
space through which it acts will decrease in nearly the same pro- 
portion as that in which its intensity increases ; thus, if it be con- 
fined by a resistance equivalent to a pressure of 1 5 lbs. per square 
inch, the steam will move the resistance until it has swelled to 
about 1 800 times the bulk it occupied as water. If the resistance 
is 30 lbs. per square inch, it will move it, until it has obtained a 
space equal to about 900 times its bulk as water, and so on. 

It follows from this, that when water contained in a vessel such as a 
cylinder, confined by a movable piston pressing on it with a force of 15 lbs. 
per square inch, is converted into steam, the piston will be raised through 
about 1800 inches for every inch of depth of the water evaporated. A 
moving force would, therefore, be developed equivalent to a weight of 15 lbs. 
raised 1800 Indies, or 150 feet; this would be in effect the same as 15 times 
150 Iba, or 2250 lbs. raised 1 foot. It may, therefoi-c, be stated in roun<l 
numbeni, that when a cubic inch of water is evaporated, a mechanical force 
is produced equivalent to a ton weight raised x foot high. It does not 
matter under what pressure the evaporation is produced, since any increase 
of pressure will bo attended with a proportionate decrease of the space 
through which the resistance is moved. 

199. The water, however, must in this case be regarded merely 
ns a medium, by which the mechanical effects of heat are evolved. 
The real moving power is, therefore, not the water, but the heat 
produced hy the combustible, and that combustible being usuall3^ 
pit coal, it becomes a question of the highest economical import- 
ance to determine the average quantity of coal which is consumed 
in the evaporation of a given quantity of water, and in the con- 
sequent evolution of a given amount of moving force. 

toa The consumption of coal in the evaporation of water in steam boilers 
varies considerably, according to the circumstances 'under wliich the fuel is 
apifiied. In Cornwall, however, where the conditions most favourable to 
economy are strictly* observed, it has been found that in experiments 

F 2 
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conducted under circumstances of the greatest precision, a bushel of coal, 
that is, 84 lbs. weight, of good quality, has produced a mechanical effect 
equivalent to 120,000000 lbs, raised 1 foot. This must, however, be regarded 
as an extreme experimental result. We may take, perhaps, 100,000000 lbs. 
IIS the maximum mechanical effect attainable in regular work by the com- 
bustion of a bushel of coals. 

Since it has been shown that the average maximum daily labour of a man, 
working under the most favourable circumstances, is 2,000000, and that of a 
horse 10^000000^ it follows that 1 bushel of coals consumed daily can 
perform the work of 50 men or 10 horses. 

201. It has been computed, on data such as these, that the materials of 
which the great pyramid of Egypt is formed, could have been raised from 
the ground to their actual position by the combustion of something less than 
700 tons of coal. Herodotus states that 100000 men were employed for 2a 
3‘ears in raising this structure. 

The Menai bridge consists of about 2000 tons of iron, placed at X2o perpen- 
dicular feet above the water level ; its entire weight could have been raised 
to that height by the combustion of 400 lbs. weight of coal. 

A train of coaches weighing 80 tons, and conveying 240 passengers, is 
drawn from Liverpool to Birmingham and back by the combustion of 4 tons 
of coke, the cost of which is 5/. To carry the same mnnber of passengers 
daily, in stage coaches, on a common road, would require an establishment 
of 20 coaches and 3800 horses. 

The circumference of the earth measures about 25cxx> miles ; if it were 
begirt with an iron railway, such a train w'ould be drawn round it in live 
weeks, by the combustion of about 500 tons of coke. 

202. The application of the term prime mover to such sources 
of power as weights and springs has been objected to^ on account 
of the previous production of fbree necessary to make their power 
available. They are nevertheless to be considered as prime 
movers, since, for example, when a weight acts, Ihe force pro- 
ducing motion is not that of the hand which wound it up, but 
the earth^s attraction drawing it down. 

203. Water at a certain point of the thermal scale exhibits a 
striking exception to the general law of contraction by cold. Just 
before congelation commences, the reduction of its temperature is 
attended, not with contraction, but with expansion; and this ex* 
ponsion tiikes place with irresistible force. AVben water, having 
percolated into the fissures and clefts of rocks, is frozen there, 
the force with which it expands in the process of congelation is 
such that the rocks are split asunder, and fragments of enormous 
weight and magnitude detached from them. 

This force has been sometimes applied artificially for the fracture 
of large masses of stone. 

204. JL great variety of powerful mechanical efiects are pro- 
duced by the chemical combination or decomposition of bodies. 
These phenomena, however, are generally developed under circum- 
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stances and conditions which render their application as mechanical 
agents often difficult, and sometimes impracticable. The circum- 
stances under which the mechanical force is thus developed are 
generally those in which solid or liquid bodies of comparatively 
small dimensions are suddenly converted into gaseous bodies of 
great volume, the change being usually attended with a large and 
intense development of heat. The gases thus evolved at a high 
temperature, expanding with prodigious force, drive before them 
whatever resistances may be opposed to their dilatation. 

One of the most familiar examples of this class of phenomena, and that 
which has been most extensively applied, is gunpowder. This substance is a 
mixture of nitre; charcoal, and sulphur, all in a very pure state, and in 
certain definite proportions ; thus, in 100 lbs. weight of gunpowder there are 
generally 75 lbs. of nitre, 15 lbs. of charcoal, and 10 lbs. of sulphur. These 
proportions are subject to a small variation in different qualities of powder, 
which need not be noticed more particularly here. 

When a spark is applied, tlie charcoal and the sulphur heated by it, 
attract the oxygen, which is one of the constituents of the nitre ; and, com- 
bining with it, form gases, called carbonic oxide, carbonic acid, and 
fiulphurous gas; while the constituent of the nitre, disengaged from the 
•oxygen, is the gas called nitrogen, or azote. The result, therefore, of the 
phenomenon is the instantaneous evolution of a mixture of the four gases 
above named ; this evolution being attended with such intense heat, that the 
gases are incandescent, or luminous. It is found that the gunpowder, in this 
process of explosion, swells into aooo times its volume. Count Kuniford 
found tliat a8 grains of gunpowder, screwed into a cylindrical space within 
a piece of iron, tore it asunder with a force of 400cxx> lbs. 

70 $, If a piece of common raw cotton, usually called cotton w^ool, be 
steeped in amixture composed of equal measures of sulphuric and nitric acids, 
and be then pressed and dried, it will, to all external appearance, be the 
same as before ; but if it be weighed it will bo found to be nearly one half 
iieavier. The change which it has undergone is this : the cotton has lost a 
cpiantity of water which was combined with it, equal to about one third of 
its weight, but it has entered into combination with such a quantity of nitric 
acid as to give the whole a weight 50 per cent, greater than tliat of the 
original weight of the cotton. 

llie cotton thus prepared is highly explosive, and the effects of its 
explosion are explained on the same principle as those of gunpowder. It is 
considered by chemists that, weight for weight, the force of this substance is 
greater than that of gunpowder. It explodes also at a lower temperature, 
and, when of good quality, leaves no perceptible residuum. It is, therefore, 
probable that when the process of making it has undergone those improve 
meats which it is likely to receive, it will replace gunpowder in fire-arms^ as 
it has already done to a certain extent in the blasting of rocks. 

ao6. The mechanical agency supplied by capillary attraction in 
the arts, and its use in the vegetable economy, will be explained 
hereaftier. 

207. There is no mechanical problem on which a greater amount 
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of intellectual ingenuity has been wasted than that which has fbr 
Us object the discovery of the perpetual motion. Since this tenuy 
howevert is not always rightly understood, it will be useful here 
to explain what the perpetual motion is not, as well as what it is. 

The perpstual motion, then, which has been the subject of such anxious 
and laborious research, is not a mere motion which is continued^ inde- 
finitely. If it were, the diurnal and annual motion of the earth, and ^ 
corresponding motions of the other planets and satellites of the solar qrstem, 
as well M the rotation of the sun upon its axis, would be all perpetual 
motiona* 

To understand the object of this celeorated problem, it is necessary to 
remember that, in considering the construction and jpeiformahoe of a 
machine, there are three things involved: ist,^ the objegt to-^fhich the 
machine gives motion ; andly, the structure of the mechanisias. |gi4 3^7* 
the moving power, the effect of which is transmitted by the macbinTe to the 
object to Im moved In consequence of the inertia of matter, tlie huachine 
cannot transmit to the object more force than if Meives firom tfaewnoving 
power ; strictly speaking, indeed, it must transmit less force, since mere or 
Im of the moving force must be intercepted by friction and atmospheric 
resisianee. If, therefore, it wore proposed to invent a machine which would 
transmit to the object to be moved the whole amount of force imparted by 
the moving power, such a problem would be at onde pronounced impossible 
of solution,, inasmuch as it would involve two impracticable conditions; 
first, the absence of atmospheric resistance, which would oblige the machine 
to be worked hi a vacuum ; and secondly^ tbo absence of all hriction between 
those parts of the machine which would move in contact with onraifilther. 

But suppose that it were proposed fd intent a machine whieh^ould 
transmit to the object to be moved a greater amount of force than that im- 
parted by the moving power, tbe impbssibility of the problem would in this 
cose be still more glaring, for even though tbe macliino were to work In' a 
vacuum, and all friction were removed, it could do no more than convey to 
the object the force it receivea To suppose that it could convey more force, 
it would be necessary to admit that the surplus must be produced by the 
machine itself, and that, consequently, the matter composing it would not be 
endowed* with the quality of inertia. Such a supposition would be equivalent 
to ascribing to the machine the qualltie)i of an animated being. 

But the absurdity would be still greater, if possible, if the problem were 
to invent a machine which would impart a certain motion to an object with- 
out receiving any force whatever firom a moving power ; yet such is pre- 
cisely the celebrated problem of the perpetual motion. 

In abort, a perpetual motion would be, for example, a watch or clock 
which would go so long as its mechanism would endure without being 
wound up : it would be a mill which would grind com or work machlneiy 
without the aotion upon it of ufater, wind, steam, animal power, or any othw 
moving forotf extomal^ it. 

It is not only true that such a machine never has been invented, but it ia 
demonstrable that so long as the lawa of nature remain unalter^ and so 
long as matter continues to possess that quality of inertia which is proved to 
be inseparable firom it, not only in all places and under all circumstances on 
the earih, but thh>ughout the vast regions of space to which the observations 
of astronomers have extended, the invention of such a machine is an impossi- 
bility the most absolute. 
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CHAP. IX. 

HYDROSTATICS 

208. Tbb part of physics which treats of the pressure of liquids 
b called hydrostatics^ that which treats of their motion, hydro^ 
dynamics^ and the practical application of the principles of hydro- 
dynamics to the art of conducting and raising water is called 
hydrasdics* 

z(S^. Although ^ater and liquids in general are compressible, 
their compressibility is so extremely limited, that it may be re- 
garded rather as a theoretical effect than one which has any prac- 
tical importance, and, consequently, liquids are treated in hydro- 
statics and hydrodynamics as incompressible fluids. 

210. In virtue of their fluidity, liquids press by their weight on 
all parts of the 'Vessel which contains them, and if they are in- 
cluded in a close vessel, a pressure applied to the liquid at any 
part of the vessel b transmitted by the liquid undiminished to 
every other part* 

Thus, if a hole having the magnltnde of z square inch be made in a close 
vessel completely filled with water, any pressnro exerted on a piston 
inserted in that hole will be transmitted uodiminished to eveiy square inch 

of the internal surface of . the 
vessdi. Thus, for example^ if 
A B o D B r {fig* za8.) represent 
a glass vessel with several open- 
ings a, bf e, df e, in it having 
pistons inserted in them* each 
piston having the magnitude of a 
square inch, a force exerted on 
any one of the pistons a will 
react at the same time on all the 
others without any diminution of 
its effect. If the force which 
presses a onwards be 15 lbs., each 
of the other pistons (fy. 128.) 

will be pushed out- 
wards by a force of 15 lbs. 

211. Upon ihb principle 
the hydrostatic paxndox is 
based, by which a force indefinitely small may be able to produce 
a force indefinitely great. 

ThuA if the piston p (j€p. 129.) have the magnitode of ^ of a square inch. 




72 


HYDROSTATICS. 


and the piston p' have the magnitude of 
looo square inches, an inward power of i lb. 
upon p will produce an outward powder of 
4000 lbs. on p'. 

» It must, however, be observed iu 
this and all similar oases, that in the 
same proj^rtion as the effect of the 
"force transmitted is augmented, the 
velocity of the part which is acted 
upon is diminished, so that in the case 
here supposed, the advance of the piston p being an inch, that of 
the piston p^ would be no more than the . 40 poth part of an inch 
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Fig. 131. 


2 1 2 . The hjfdravlie press is a well known application of this 
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principle. The machine is represented in^. 130., and in section 

131. 

The plunger x X3X.) being of small dkuneter, forces the water through 
the tube l into the comparatively large cylinder A, and reacts against the 
ram b, with an effect augmented in ths^ ratio of the section of the plunger i 
to the section of the ram B. 

213. The pressure produced upon vessels which contain liquids 
is everywhere proportional to the depth of the point pressed upon 
below the surface of the liquid, no matter what may be the 
direction of the surface thus acted upon. 

Thus, the pressure on a square inch of the bottom of a vessel is ex- 
actly the same as the pressure upon the square inch of the side of the saino 
vessel at the same depth, tbe pressure in both cases being equal exactly to 
that of the weight of the column of the liquid whose base is z square inch 
and whose height is equal to the depth, ^nce the pressure is proportional 
to the depth, it may easily be conc^ed that at great depths the pressure 
is very considerable. 

214. If a fissure in a rock communicate with an internal cavity of any 

considerable magnitude, placed at some depth below the mouth of the 
fissure, rain percolating through, and filling the fissure above it, might 
produce a bursting force sufficient to split the rock. The pressure in this 
case, acting against the inner surface of the cavity, will be proportional to 
the depth of the cavity below the top of the fissure. For every foot in such 
difference of level, there will be a bursting pressure of 0*4328 lbs. for every 
square inch of the surface of the cavity. ^ * 

215. In the consttuction of pipes for the 8Upp]grof water to 
towns, it is necessary that those parts which are much below the 
level of the reservoir from which ^e water is supplied should have 
a strength proportionate to such difference of level, since they 
will sustain a bursting pressure of 4*328''lb3. per square inch for 
every 1 o feet by which the level of tlxe river exceeds in height 
that of the pipe. 

A pipe, the diameter of Whose bore is 4 inches has an internal circum- 
ference of about 1 foot, and the internal surface of z Ibot in length of such a 
pipe would measure a square foot. If such ar pij^e were 150 feet below the 
level of the reservoir, the bursting pressure which it would sustain upon s 
foot of its length may be calculated as follows : ^ 

lbs. 

Preiiure at loo feet deep • . • • . 

50 i. - - . • . |ii 6 

Pressure at 150 „ • . • • • 

Thus, such a pipe should be constructed of sufficient strength to bear with 
security nearly five ions bursting pressure on each fbot of its length. 

axfi. If an empty bottle tightly corked be sunk in the sea, the pressure of 
the Burroonding water, when the depth is sufficient, with either break the 
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bottle or force the cork into it. If the bottle haye flat sides* it will be 
broken $ If it be round* its form being stronger* the cork will be forced in. 

If a piece of wood which floats on water be sank to a great depth in the 
sea* and held there for a certain time* the great pressure of the sorronnding 
liquid will force the water into the pores^ the effect of which will be to 
increase its weight so that it will no longer be capable of floating or rising 
to the surface. 

Divers plunge with impunity to certain depths* but there is a limit below 
which they cannot live under the intense pressure. It is probable* also^ that 
there is a limit of depth below which each species offish cannot live. 

217. It is in consequence of this relation between the pressure 
and the depth that liquids always have a level surface* and that 
the surface of liquids in any two or more vessels which commu- 
nicate with each other must always be at the same level* for if any 
two parts of the surface of a liquid* whether in the same or in 
different vessels communicating with each other* were at different 
levels* they would exert different pressures downwards, and that 
which has the higher level prevailing over that which has the 
lower* would press it upwards, and this would continue until the 
surfaces would come to the same level. 

218. This property of liquids is so nearly a self-evident consequence of 
their flindamental property* that it is difficult to demonstrate it. It is 
nothing more than a manifestation of the tendency of the component parts of 
a body to fall Into the lowest position which the nature of their mutual con- 
nection* and the circumstances in which they are placed* will admit, foun- 
tains do not sink and press up the interjacent valleys* because the cohesive 
principle which binds together the component parts of their masses^ and 
those of the crust of the earth upon which they rest* is opposed to the 
gravity of their parts* and is much more powerful ; but if this cohesion were 
dissolved In the stupendous masses* — for example* if the Alps or the Andes 
were liquefiefi*— these ridges would sink from their lofty eminences* and the 
circumjacent valleys would rise* a momentary interchange of form taking 
place; and this undulation would continue* until the whole mass would 
settle down into a uniform level surface. All inequalities* therefore* which 
we observe on the surface of land* afre due to the predominance of the cohe- 
sive over the gravitating principle; the former depriving the earth of the- 
power of transmitting equally and in every direction the pressure produced 
by the latter. 

On the other hand* if the sea* when agitated by a storm* were suddenly 
solidified* the cohesive principle being called into action* the mass of water 
would lose its power of transmitting pressure* and those inequalities which in 
the liquid form are fluctuating would become fixed ; a wave would become a 
hill* and an intermediate space a valley. 

219. The apparatus represented in 132. is adapted to ex- 
plain experimentally these facts, a* b* c* d, s are glass vessels of 
different diapes* ea^ terminating at the l^ttom in a short tube 
which is inserted into a hollow box. In each of these short tnbea 
is a stop-cock x. 




Fig. ija. 

tiet the stop-cocks be all closed, and let water be poured into the vessels,, 
so os to stand at different levels, the case below being previously filled with 
water. If all the cocks be now opened, it will be observed that the higher 
levels will gradually fall, anu the lower ones will rise until all become 
uniibrm. If the slop -cocks be again closed, and water be poured into some 
of the vessels, so as to render the levels again unequal, the same equalisation 
would take place on again opening the stop-cocks. 


220. FouiUain Ink-bottles 133 *) depend upon this prin* 

ciplc. 

^Vhen the plunger descends the ink. 
rises, always standing at the same level 
within and without the ink-bottles. 

221. The methods of conduct-^ 
ing a canal through a country 
which is not a dead level depend 
upon the same property. By ex- 
pedients called hcha 134- 

and 135.)^ canal can be continued* 
along any declivity. If it were cut 
on an inclined surface, without 
such an expedient, the water would 
run towards the lower extremity 
and overflow the bank, leaving the 
higher end dry. A channel of any considerable length, having 
even a gentle and gradual slope, would be attended with this effect. 
In the formation of a canal, therefore, its course is divided into* 
a series of levels of various lengths according to the inequalities 
of the country through which it passes ; these levels communicate 
one with the other by locks, by means of which vessels passing hi 
either direction are raised or lowered with perfect ease and safety^- 

222 . When vessels containing liquids are supplied with spouts, 
such as those attached to tea-pots, coffee-pots, kettles, watering- 
pots, and the like, the extremity of the spout must always bw 
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above the top of the vessel when the vessel stands erect, since 
otherwise the vessel could not be filled ; for as soon as the liquid 



Fig. 134* 


poured into It has risen to the level of the top of the spout, 
any more liquid which might be poured in would flow out of the 
spout. 



Liquids are discharged from a vessel having a spout by inclin* 
>jng the vessel in such a manner that the mouth of the spout shall 
be below the level of the liquid in the vessel. 

223. Zevettinff Instrumenis 136-) depend upon the prin- 
ciple here explained. 

The liquid in the two tubes d c communicating will be at the same level, 
and the floats through which the observer looks are necessarily also at the 
same level. It follows^ therefore^ that the point i> is at the same level with 
^the points b and c. 
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Fig. 13& 


224. The play of the property in virtue of which liquids main- 
tain their level, explains an infinite variety of importimt and 
interesting phenomena attending the circulation of water on the 
surface of the globe. By the natural process of evaporation, the 
clouds become charged with vapour, and are attracted by the 
lofty ridges of mountains, and all other elevated parts of the land, 
round which they collect, and upon which they deliver their 
contents. 

The water thus deposited upon the highest parts of the globe has a 
constant tendency, by reason of the quality to which we refer, to return to 
the general level of the sea, and in finding its way thither gives rise to the 
phenomena of streams, rivers, cataracts, lakes, springs, fountains, and in a 
word, to ail the infinite variety of effects attending the movement of water 
which are witnessed throughout the world. 

If the waters which fall from the clouds encounter a soil not easily pene* 
trable, they collect in rills, and form streams and rivulets, and descend along 
the sides of the elevations, seeking constantly a lower level ; they encounter 
in their course other streams, with which they unite, and at length swell 
into a river ; they follow a winding channel, governed by the course of the 
valleys and lower parts of the land. Sometimes widening and spreading 
into a spacious area, they lose the character of a river, and assume that of a 
lake ; then again, being contracted, they recover the character of a river, and 
after being increased by tributary streams on the one side and on the other, 
they at length attain their final destination, restoring to the ocean those 
waters which had been originally drawn from it by evaporation. Through- 
out the whole of these phenomena, the principle in operation is the tendency 
of liquids to maintain their level. 

But it sometimes happens that the rains on mountainous summits 
encounter a soil easily penetrable by water. In such cases, the liquid enters 
the crust of the earth, which it often penetrates to great depths. 

Sometimes it encounters strata which are impenetrable, and finds itself 
walled, so to speak, into a subterranean reservoir. In this cose, the liquid is 
subject to a hydrostatic pressure, arising from the column of water extending 
from the reservoir to the upper surface, through the veins and channels 
through which the reservoir has been filled. 
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This pressure sometimes forces tliew&tcr to break its way through the 
etrata which confine it. In such casest it gushes out in a spring, which 
ultimately enlarges and becomes the tributary of some river. In other cases, 
however, the boundaries of the subterranean cistern resist this pressure, and 
the water is there imprisoned. If the ground above such a cistern be bored 
to a sufficient depth to penetrate the roof of the cistern, the liquid having 
free exit, will rise in the well thus bored until it attain the same level which 
it has in the channels from which the subterranean cistern has been 
supplied. If this level bo above the surface of the ground, the water will 
liave a tendency to rush upwards, and, if restrained and regulated in its dis- 
charge by suitable means, it may be formed into a fountain, from which 
water will always flow, by simply placing a valve or cock, or from which 
water may be made permanently to project itself upwards in various forms, 
so as to produce Jets d*eau. 

If the level of the source, however, be a little less than that of the mouth of 
the pit which has been dug, then the water will rise to such level, and stand 
there, forming a well. If the original level be considerably below that of 
the mouth of the pit, then the water will not rise in the pit beyond a certain 
height corresponding to the level of its source ; and in this case a pump is 
introduced into the pit, and water is raised in a manner which will be 
explained hereafter. 

225. When a solid body is immersed in a liquid it would remain 
at rest, neither rising nor sinking, if it had the same weight as the 
liquid whose place it occupies. This is evident because the liquid 
whose place it occupies would thus have remained at rest. *If the 
solid body have greater weight than the liquid it displaces, it will 
sink. If it have less weight, it will rise to the surface. 

If a body have less weight, bulk for bulk, than a liquid, it will 
float upon it, the part immersed displacing just as much liquid as 
is equal to the weight of the body. 

226. It appears, therefore, that a solid is buoyant in a liquid in 
proportion as it is light and the liquid heavy. Thus the same 
solid is more buoyant in quicksilver than in water; and in the 
same liquid, cork is more buoyant than lead. 

A solid which will float in one liquid will sink in another; thus glass 
sinks in water, but floats in quicksilver ; ebony sinks in spirits of wine, but 
floats in water ; ash and beech float in water, but sink in ether. All these 
cfiecta are explained by the fact, that in each case the solid sinks or rises 
according as it is heavier or lighter, bulk for bulk, than the liquid. 

227. A block of stone or other heavy substance is more cosily raised at the 
bottom of the sea than the same block would be on land ; because, immersed 
in the sea, it is lighter by the weight of its own bulk of sea-water than it 
would be on land. 

In building piers and other subaqueous works this is rendered manifest. 
Those who thus work seem endowed with siipematiiral strength, raising with 
case, and adjusting in their places, rocks which they would vainly attempt 

to move above water. After a man has worked for a considerable time under 
a diving-bell, he finds, upon returning to the upper air, that he is apparently 
weak and feeble; everything which he attempts to lill appears to have un- 
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fiflual weight, and the action of his own limbs is not effected without incon- 
venience. 

aaS. The human body does not differ much from the weight of its own 
bulk of water ; ccnsequently, when bathers walk in water chin-deep, their 
feet Bcarcdy press on the bottom, and they have not sufficient purchase upon 
the ground to give them stability. If they are exposed to a current or any 
other agitation of the fluid, they will be easily taken off their feet. 

When air is drawn into the lungs, the body becomes enlarged by its dis- 
tension ; and when it is expired, the dimensions of the body are again dimi- 
nished. The weight of the body is so nearly equal to that of its own bulk 
of w'ater, that this change of magnitude, small as it is, is sufficient to make 
it alternately lighted and heavier than its own volume of water. When a 
bather, therefore, inspires so as to fill his chest with air, he becomes, in a 
slight degree, lighter than water, and his head rises above the surface ; when, 
on the other hand, he expires, the body, contracting its dimensions without 
changing its weight, becomes heavier than water, and he sinks. Without 
some action to counteract this oscillation, the alternate sinking and rising 
would produce inconvenient effects ; but this may be prevented by a slight 
action of the hands and feet, which resists the intermitting tendency' to 
sink. 

The fhcility with which different individuals are able to float or swim 
varies according to the proportion which the lighter constituents of the body, 
such as the softer parts, bear to the heavier, such as the bones. 

219. A body composed of any material, however heavy, may be so formed 
as to float on a liquid, however light. The method of accomplishing this is 
by giving to the solid such a shape that, when immersed in the liquid, some 
space within the vessel, below the external surface of the liquid, will bo oc- 
cupied by air or some other substance lighter than the liquid. 

Thus, if a tea-cup be placed with its bottom downwards in water it w^ill 
float, and if water be poured into it, it will still float, but it will be found 
that the surface of the water in tlie tea-cup will always be below that of the 
external water, the air which occupies the difference of the levels producing 
the buoyancy. 

A ship may be composed of materials heavier, taken collectively, than 
their own bulk of water, and nevertheless it floats, because its hull contains 
air and other substances much lighter than water ; but if such a ship spring 
a leak it will sink. 

Vessels laden with cork, certain sorts of timber, and other substances 
lighter, bulk for bulk, than water, will often become water-logged, but will 
still float, because the vessel and the cargo taken together are ligliter than 
their own bulk of water. 

An iron boat will float with perfect security, and if it be formed of double 
plates of metal, enclosing a sufficient hollow space between them, nothing 
can sink it, so long as such casing remains uninjured. 

2^ The bodies of certain species of animals are much lighter than their 
own bulk of water. Water-fowl, in general, present examples of this, their 
plumage contributing Tnuch to their buo^^ancy. Fishes have the power of 
changing their bulk by the voluntary distension of an air-vessel which is 
included in their organisation. By these means they can render themselves 
at will lighter or heavier than their own bulk of water, and rise to the sur- 
face or sink to the bottom. As fishes cannot obtain the air necessary for this 
voluntary inflation from a snrrounding medium, they are provided with an 
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apparatus by 'which they can generate gas for the purpose. This gas is in 
general not similar to atmospheric air. In such species of fish as live near 
the surface, it is found to be generally pure azote or hydrogen ; in those 
species which inhabit strata of the deep having a depth of from 3000 to 4000 
feet, the gas generated consists of 90 parts of oxygen and 10 of azote. 

231. AVhen a liquid issues from an orifice in a side of a vessel, 
its velocity of efHux will be equal to that which a body will acquire 
in falling freely from the surface of the liquid to the level of the 
point of efflux, and if the liquid issue upwards in a jet dTeau^ it 
would rise to a height corresponding with the level of the surface, 
except so far as the resistance of the atmosphere would interfere 
with the phenomenon. This is illustrated in Jig. 137. 

232. Ornamental "Waterworks. — The effects of the various 
forms of jets d^eau^ by which artificial fountains are constructed, 
depend altogether on the principles which have here been explained. 
The reservoirs from which the water is supplied are always esta- 
blished upon an elevation, the 

^ level of which is considerably 
higher than that of the. foun- 
tains. The pipes conducting 
the water from the reservoirs 
are of such dimensions as arc 
capable of supplying the ne- 
cessary quantity of water in a 
given time, and so as not to 
diminish its force injuriously. 
T'he jets tVeau are produced by 
inserting, at proper places in 
the ornamental works of the 
fountains, cjutages in direc- 
tions proper to produce the 
desired effects. Theoretically, 
the water issuing from a ver- 
tical jet deau ought to rise to 
the level of the reservoir, but it 
is prevented from rising even nearly to that elevation by the loss of 
force due to the various causes which have been explained. 

It will be evident, Arom what has been stated, that the loss distant the 
reservoirs aire Arom the fountains, the less force will be lost ; circumstances, 
nevertheless, sometimes render it unavoidable to establish them at a con- 
siderable distance. Thus the celebrated waterworks at Versailles are sup- 
plied Aroni an artidcial reservoir erected on the heights of Marly. This 
reservoir is filled with water driven into it by a steam-engine erected on the 
banks of t!ie Seine, through a large iron pipe carried up to it upon an inclined 
plane. 

'fhe waterworks of the Crystal Palace, Sydenham, are supplied fkom a 
reservoir erected in the gardens at a considerable altitude above the level of 
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the fountttins. Tliis reservoir receives its supply, by means of a steam-engine, 
from a M'ell sunk in the gardens. 

233. The ancients used the flow of water issuing from a pipe as 
n measurer of time. For this purpose, however, it was necessary 
that the discharge should be pei*fectly uniform, and, consequently, 
that the level of the water in the cistern from which the discharge 
pipe issues should be constant. This invariable level was obtained 
by a very simple expedient, shown in fig. 138., where A is the 
cistern, and c tlie pipe from which a uniform discharge is main- 
tained. 

The cistern is fed by a cock b, which discharges more water than that 
which issues from c, and consequently the level of the water would continu- 
ally rise in the cistern ; this, however, is prevented by the discharge pipe n, 
so that the level of the water is continually maintained at the point from 
which thnt spout issuer. 



rig. iiS. 


If the stream issuing from the spout c be received in a tall cylindrical 
vessel, it is evident that the level of the surface in such a vessel will rise at 
a rate proportionate to the quantity of water discharged per minute from, the 
pipe c ; and since this discharge is rendered uniform by the means above ex- 
(dained, the ascent of the surface of the water in the cylindrical vessel will 
be also uniform. 

If the latter vessel, being made of glass, had a divided scale engraved upon 
it, each of the divisions of w’hich would correspond to a given interval of 
time, an hour for example, it would serve os a chronometer, the successive 
hours being indicated by the coincidence of the level of the water with the 
successive divisions of the scale. 

One of the methods of constructing such a chronometer, adopted among 
the ancients, is shown in fig. 139., where the base of the column is the reser- 
voir into which the uniform discharge of water takes place. The two figures 
which appear on the base are supported upon a float resting on the surface 
of the water, aa 4 . rising with it. One of the figures holds a wand, which 

a 
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|)oint8 to a clivitled scalo upon the columiiy and ad the 6gure is raised with 
tlio float, the wand points to the successive hour lines. 

Another form of clepsydra is shown in/tff, 14a, where the lower discharge 
is rendered uniform by tlio maintenance of a constant level in the cistern 
above it. 

234. It has been ascertained by geologists, that the crust of the 
globe consists of strata composed of various mineral matters, which 
succeed each other in a certmn order. Some of these are such 
that water can easily percolate them, while others are impervious 
to it. A subterranean sheet of water may be included between 
two impervious strata, and may be there confined under an intense 
pressure. If a hole be bored downwards from the surface, 
141.) until it reach such a subterranean sheet of water, the 
water will be forced upwards along the hole to the surface, and 
may rise to a great height above the surface, in a jet like that of a 
great fountiun. Thus, if the level of the subterranean water be at 
the jet would rise to the height a, except so far as the resistance 
of the air would interfere with it. 


artesian wells. 
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235. A fountain produced in this manner is called an Artesian 
wellj the practice of constructing such wells having prevailed for 
many ages in the province of Artois, in France, and the discovery 
of the expedient having been assigned to that locality. It is 
known, however, that such wells were constructed, in ages much 
more remote in Egypt and in the East. 

Owing to the great depth to which in most cases it is necessary to sink for 
these wells, the shafts are made of very small transverse diameters ; they 
arcb indeed, more properly holes than shafts, their entire diameter not ex* 
ceeding from iz to x8 inchea They are bored by means of peculiar tools, 
by which, while the matter drawn out of them is taken up, a hollow iron 
cylinder is let down, so as to line the surface of the shaft, and effectually 
prevent the sides from falling in. The depths to which these shafts have 
been driven in some cases is truly surprising. In the well-known Arte- 
sian well on the plain of Crenelle, near Paris, the shaft is sunk to the 
depth of nearly' 1800- feet, and the water rises with such a force that, when 
received in a vertical tube, it would rise xao feet higher. 

The well of Crenelle is said to be capable of supplying water at the rate 
of about X4i millions of gallons per day. 

236. The effect produced upon the resistance offered to a body 
moving through a liquid, by the obliquity of the different parts of 
the surface of such a body to the direction of the motion, forms an 
important element in the solution of the problem for determining, 
under different conditions, the shape of the solid moved. A 
problem which has attained great celebrity in the history of mathe* 
matics, is one in which it was required to. determine the form 
which should be given to a determinate mass of solid matter, so 
that it might move through a liquid with the least possible resist- 
ance. The form thus determined is known in geometry as the 
solid of least resistance. 

237. Nearly similar conditions attend the solution of all the 
problems which are presented in naval architecture. It is this 
principle which causes the length of the vessel to be presented in 
the direction of the motion, and which determines the shape of the 
prow under the various conditions to which different classes of 

G 2 


HYDROSTATICS. 


84 

vesBcls are exposed. The boats which ply on rivers, or other 
sheets of water not liable to much agitation, nor intended to carry 
considerable freight, are so constructed that the part of the bottom 
immersed moves against the liquid at an extremely oblique angle. 

1^3 8. It has been often mentioned, as an instance of the felicitous 
accordance of the works of nature with the principles of science, 
that the form given by mathematicians as the solid of least resist- 
ance accords exactly with the forms of the bodies of fishes. This, 
however, is not strictly the case ; and if it were, so far from being 
an instance of skill and design in the works of nature, would 
manifest a certain degree of imperfection. 

The solid contemplated in the celebrated problem adverted to has no other 
function to discharge except to oppose the resistance of the fluid» and the 
question is one of a purely abstract nature, viz., what shape shall be given 
to a body, so that, while its volume and surface continue to be of the same 
magnitude, It may encounter the least possible resistance in moving through 
a fluid ? It must be apparent that many conditions must enter into the con- 
struction of an animal, corresponding to its various properties and functions, 
independently of those in virtue of which it employs itself to cleave the water. 

239. Propulsion of Vessels hy Paddle-wheels. — The power 
of steam has been applied to the propulsion of vessels, cither by 
paddle-wheels, or by submerged screw propellers. 

Paddle-wheels are attached to a horizontal shaft which passes across the 
vessel, having cranks formed at or near its centre, which receive motion from 
steam-engines erected in the vessel Itself; the wheels, being fixed upon the 
ends of m shaft, revolve with it. These wheels consist of a certain number 
of straight arms which diverge from their axes, to the ends of which flat 
boards, called paddle-boards, are attached, the surfaces of which are at right 
angles to the plane of the wheel, and their edges directed to its centre 
ijiff. 142 .). 



FI,. 141. 

{[240 a. Besides the loss of power arising from the fluidity of the 
medium in which the paddle-wheel acts, and the consequent 
fwiff of the wheel as the water yields to its action, there ate other 
losses which depend only on the construction of the wheel itself. 
Those of the paddle-hoards which are just entering the water, 
are moving obliquely do^mwaids, and thiu spend part of the 
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power of the engine in pressing the water down. Those just 
leaving the water, on the other hand, raise a quantity of water by 
moving obliquely upwards, and thus again force is lost. 

This loss of power has been obviated by the construction sliown in 
14a th where A is the centre of the padcUe-wheel, 
and A B one of its s^tokes. The paddle-boards, instead 
of being fastened directly to these spokes, are attached 
to bars such os bi>, which are connected with arms 
CD equal and parallel to those of the poddle-^whcel, 
and attached to a centre c, whose distance from a 
equals bd. By this construction the boards are kept 
always in tlie same (direction, and no part of the force 
is spent in raising or ileprcssing the water.] 

[240 From a second loss of power this construction is no 
more exempt than the common form. The horizontal part of the 
velocity of the boards entering and leaving the water is much less 
than that of the lowest, and thus one part of the wheel is a drag 
on the othi*:*. The resulting rate of progression is therefore less 
than that which would be given by the board at the bottom if the 
others could be kept from acting till they reached that position 
in turn.] 

240. These causes of inei&ciency and waste of the propelling 
power have of late years turned tlie attention of steam-boat pro- 
jectors and engineers to the discovery of some form of subaqueous 
propeller which w'oiild bo exempt from such disadvantages, and 
the result has been the successful application of that particular 
form of submerged propeller called the screw. 



F:jf 14 %. 


To understand the luaniier in wliicli this i>n)pcllcr acts let us imagine a 
large screw to be extended along the vessd under the keel. If the water 
in which this screw is submerged were solid, it is evident that, by turning 
the screw round in one direction or the other, it would move through the 
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^vater» carrying the vessel with it, the space through which it would move 
in each revolution being equal to tho interval between two contiguous 
threads of the screw. In fact, in such a cose the water would play the part 
of a fixed nut in which the screw would turn ; and in such case the screw 
would move forwmu or backward through the nut, according to the direc- 
tion in which it is turned, in the manner here stated. 

But the water, though far from being fixed in its position like a solid nut, 
offers, nevertheless, a certain resistance to the screw. If it yidded to the 
screw without reaction, the water would be moved backwards by the screw 
exactly as a movable nut is when the screw is fixed. But the water having 
considerable inertia, though it yields to the screw, reacts upon it, and such 
reaction produces a corresponding impulsion in the vessel. 

The screw is usually fonued by constructing a helical vane, turning 
spirally round an axle, which passes vertically over, and parallel to, tho 
keel, and is placed immediately in front of the rudder. 

241. When the hoiglit to which water is to be raised is not 
very considerable^ its elevation is sometimes effected by wheels, 
two varieties of which are shown in^^a. 144. and 145. 

242. When water is used as a moving power, the most common 
method of flppl3'ing it is by directing its force against the vanes 
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of wheel«i, or discharging it into buckets^ formed on the circum* 
fcrencc of awheel. These methods are illustrated in Jiff. 146., 
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which is called au undershot water-wheel, 147. an overshot 
water- wheel, and Jiffs. 148. and 149. are called breast wheels. 

243^. Speolflc gravity. — When substances are compared one 
with another in relercnoc to their weight, one is dcnoiiiinatcd 
heavier or lighter than another, without any special reference 
cither to the bulk or weigiit of any particular quantity of the 
substance in question. 

Thus, when we say cork is lighter than oak, and mercury is 
heavier than water, we speak intelligibly, although it be true that 
a particular mass of cork may be found which is heavier than a 
]>articu1ar quantity of oak, and a certain mass of 'water may be 
heavier than another particular mass of quicksilver. It is, how- 
ever, implied in such estimates, that they refer to equal volumes 
of the two substances which arc thus compared as to weight. 
When we say that cork is lighter than oak, we mean that a piece 
•of cork is lighter than a piece of oak of the same size : and when 
we say that water is lighter than mercury, we mean the observa- 
tion to apply to equal measures of the two liquids. 

A substance is sometimes said to be heavy or light without ex- 
press reference to any other substance : thus air is said to be light, 
■and lead heavy. A comparison is, however, here tacitly implied. It 
is meant that air is lighter, and lead heavier, bulk for bulk, than the 
average of the substances that fall under common observation. 
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This use of positive terms to express comparative qualities prevails 
ill all applications of language : thus we say of a certain individual 
that he is very tall, nnd of a certain house that it is very high ; 
meaning that the man is taller than the average of men, and tho 
house liighcr than the average of houses. 

244*. The absolute weight of a body is that of its entire mass,, 
without any reference to its bulk ; the relative weight is the weight 
of a given magnitude of the substance compared with the weight of 
the same magnitude of other substances. The term weight is com- 
monly used to express the absolute weight, while the relative weight 
is called specific gravity. This denomination of relative weight 
implies that bodies of dliFcrent species have diflerent weights under 
ccpial volumes. Thus, a cubic inch of cork has a weight different 
from a cubic inch of oak or of gold ; a cubic inch of water contains 
a less weight than a cubic inch of mercury. 

Each different species of body has a different weight correspond- 
ing to the same bulk ; and hence the name specific gravity, which 
expresses the weight of a given bulk. 

245 *. It happens that a cubic foot of water at the common tem- 
perature of 60^ weighs exactly 1000 oz. Taking, then, the specific 
gravity of water to be expressed by 1*000, that of any other liquid 
or solid body will be also expressed by the number of ounces in a 
cubic foot divided by 1000. Thus, a cubic foot of ])iire quicksilver 
at the same temperature weighs 13,^80 oz., and a cubic foot of iron 
7788 oz. The specific gravity of the former is therefore 13*580, 
and that of the latter 7*788. 

246* . The specific gravities of gases and vapours are in like 
manner referred to nir as the unit. If a cubic foot of any gas be 
twice or half the weight of a cubic foot of air under like con-'* 
ditions of temperature and pressure, its specific gravity will be 2' 
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24.3. If air be compressed by aoy mechanical force, its volume 
Will be diminished in the exact ratio of the compressing force. 
Thus the atmosphere around us, which exercises a pressure on the 
surface of all bodies in contact with it, amounting to 1 5 lbs. per 
square inch, if submitted to twice the pressure will be reduced to 
half its volume ; if submitted to triple the pressure, it will be com- 
pressed into a third of its volume, and so on. This principle is 
known in physics as Mariotte's law^ having been first demonstrated 
by that philosopher. 

244. It is the weight of the atmosphere which supports the 
column of mercury in the barometer, and this column is accordingly 
tlic measure of its weight* Thus a column of air, extending from 
the sui'face of the earth to the summit of the atmosphere, and 
having a square inch for its base, will have a weight equal to the 
column of mercury, also having one square inch for its base, and 
a height equal to that of the barometric column. 

245. The method of constructing a barometer is illustrated in 
fig . 150. 

A glass tube closed at one end and open at the other, is iillcd with purifieiL 
mercury, proper precautions being taken to cxcliulo air bubbles. The top 
being then stopped by the thumb, the tube is inverted and the open end 
plunged in a cistern of mercury. On removing the thuiiih the column in the 
tube does not, as might be expected, fall to the level of the mercury in the 
cistern, but will be sustained at a height of 29 or 30 inches above that level. 
The unoccupied space in the tube above the column of mercury* is what is 
called a Torricellian vacuum, from Torricelli, the inventor of the barometer. 
It is the most perfect vacuum known, though not a vacuum in the absolute 
Miiso of the term, since a mercurial vapour of extremely small density fills 
it. 

246. The column of mercury is sustained in the tube by the 
pressure of the atmosphere acting upon the surface of the mercury 
®f ^be cistern, pressing the mercury upwards in the tube. That 
this ts the case is proved in the following manner : — 

Let the top of the tube be broken so as to admit the atmosphere above the 
mercniy : in that case the mercuiy in the tube will immediately fall to the 
level of the mercury in the dstem. 

^7. A further demonstration of this Is derived from the following remark- 
able experiment. If a barometer be carried upwards in the atmosphere it 
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will have leas and less ntniosphero above it, and the surface of tlic mercury 
in thaeistcm will be submitted to less and less pressure, and will consequently 
support a loss and less column of mercury in the tube. In accordance with 
this it is actually found that when a barometer is carried upwanls, the column 
of mercury in the tube gradually bccoines less and less, and this change is so 
regular that Uio height to which the barometer has been carried is indicated 
with great precision by the diminution of the column of mercury in the 
tube, and in this manner the barometer becomes an instrument for measuring 
lieights. 

248. By tins means the heights of mountains are measured, 
when adventurous travellers scale them. The heights to which 
balloons ascend nrd also ascertained in the same manner! 

249. Barometers are' of various forms, according to the ex- 
pedients adopted for indicating the variation of the height of the 
mercury. The vertical barometer is shown in j%-. 151., and the 
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diagonal in 1 52., where the upper part of the tube is inclined^ 
so as to increase the space through which the mercury plays. 
Another form of barometer, called the wheel barometer, is shown 
in Jig. 153, In this case, the variation of the column produces a 
movement of an index or needle upon a graduated scale. The 
manner in which this is accomplished is illustrated in Jig. 154. 

250. That the height of the atmosphere is subject to variation 
is proved by the fact, that the height of the mercurial column 
which balances it in the barometer, is subject to variations within 
certain small limits, that height never exceeding 31, and rarely 
falling below 28 inches. 

Two cubic inches of mercury weigh in round numbers l lb. 
avoirdupois ; consequently, when the height of the barometer is 
30 inches, the column of mercury sustained in the barometer, if it 
had a square inch for its base, would weigh 1 5 lbs. ; and since this 
balances the atmospheric pressure, it follows that the pressure of 



9 * 


PNEUMA 11 C 8 . 



Fig. 15 }. 



rig. J54. 


die atmosphercy ivhen the barometer is at 30 inefaeSy is I) lbs. per 
square inch. * ^ n 

But the lur possesses, in common with all other the faculty 

of transmitting pressure equally in every direction ; consequently 
it foilowsy that every object exposed to the atmosphere is pressed 
upon every pai*t of its surface with a force amounting to 1 5 lbs. per 
square inch. 

The surface of a human hodj of average size measures about 
2000 square inches. Such a body, therefore, sustidns a^pressure 
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from the atmosphere amounting to 30000 lbs., or very nearly 15* 
tons. 

251. It might be expected that the great pressure to which all 
bodies surrounded by the atmosphere are exposed would produce 
conspicuous effects, in crushing, compressing, or bursting them ; 
whereas it is found that even the most delicate textures are not 
affected by it. A bag made of the lightest and finest tissue par- 
tially filled with air, is practically subject to no external pressure ; 
its sides, though loaded with an enormous pressure, do not col- 
lapse. This is explained partly by the equality of the pressure 
which is directed upon it on all sides, and partly by the resistance 
produced from within, by the elasticity of the lur contained in it. 

The same circtimstonces explain the fact that animals are neither ob- 
stmeted in their movements, nor crushed by the enormous pressure to whicli 
their bodies are subjected. The atmosphere pressing them equally in every 
possible direction, laterally and obliquely, upwards and downwards, has no 
tendency to impel them in any one direction rather than another, and conse- 
quently offers no other resistance to their jnotion than ir produced by the 
inertia of the atmosphere itself. The internal pores of thdr bodies being 
filled with fluids, both liquid and gaseous, producing n pressure outwards 
exactly equal to the external pressure of the air inwarctS, an equilibrium 
results, and no part of the body is crushed. 

The pressure of the external air may be rendered manifest by applying 
an exhausting syringe or a cupping-glass to any part of the skin. Such an 
instrument has no other effect than that of removing the atmospheric pres- 
sure from that part of the surface to which it is applied; but when it docs 
this, immediately the skin is distended and sucked, as it were, into the gloss, 
in consecpience of the pressure on all the rest of the body, which is trans- 
mitted to^that pointjd!^ the fluids* contained in the oigons. 

252. The various phenomena, which are vulgarly called suction, 
arc merely the effects of atmospfferic pressure.' If a piece of moist 
leather be placed in close contact with any heavy body having a 
smooth surfree, such as a stone or a [iiece df met^, it will adhere 
to it ; and if a cord be attached to the leather, the stone or metal 
may be raised by it. 

This effect arises from the exclusion of the air between the 
leather and the stone. The weight of the atmosphere presses their 
surfaces togetlier^witli a force amounting to 1 5 lbs. on a square 
inch of the surface of contact. 

253* The power of flies, and other insects, to walk on ceilings, 
smooth pieces of wood, and other similar surfaces, in doing whicli 
the gravity of their bodies appears to have no effect, is explained 
upon the same principle. Their feet are provided with an 
apparatus similar exactly to the leather applied to the stone* 

aS4. That the air lu the inside of vessds is the force whidi centralises the 
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gmt pressure of the estenml air, may bo shown by the following experi- 
ment : — 

A strong glass vessel is provided, open both at top and bottom, and 
having a diameter of four or five inches. Upon one 
end is tied a bladder, so os to be completely air*tight 
155.). The other end is placed upon the plate 
of an uir-pump, being previously smeared vrith lard, 
to make the contact air-tight. The air under the 
bladder is rarefied by the operation of the pump, and 
the bladder is subject to a pressure from without, 
proportional to the difference between the pressure of 
the external air and the pressure of the rarefied air 
under the bladder. When the rarefaction has been 
carried to such an extent that the strength of the 
bladder is less than this pressure, the bladder bursts 
with a loud report. 

255. The great force of the atmospheric jjlressure is also shown 
in a striking manner by thef apparatus figured below. It 
consists of two hollow brass hemispheres 1 56.}, with evenly 
grdbnd edges, which admit of being brought into air-tight contact 
when smeared with lard. The apparatus when secured upon the 
plate of an air-pump may be exhausted, so that the space within 
the hemispheres may be rendered a partial vacuum. 



Fig. 155. 


The external air will thus press the two hemispheres together with a force 
proportional to the difference between the pressure of the 
external air and the pressure of the rarefied air within. 
When a sufficient exhaustion has been produced, the 
stop-cock attached to the lower hemisphere is clo^, the 
apparatus is unscrew"^ from the pump-plate, and a 
handle screwed upon the lower hemisphere. It will be 
found that two of the strongest men will be unable to 
tear the hemispheres asunder, provided th^ are of a 
moderate magnitude, owing to the amount of the pres- 
sure with which they are held together. If, for example, 
the pressure of the rarefied air within is equivalent to a 
column of two inches of mercury, while the external air 
has a pressure represented by 30 inches of mercury, there 
will be a -force amounting to 14 lbs. per square inch in the 
section of the hemispheres. 

If the hemisphere have 4 inches diameter, the area of 
their section will be 12} square inches, and consequently 
iha force with which they will be pressed together will 
be 

12^ X 14 » 175 lbs. 
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This apparatus^ called the Magdeburgh hemispheres, derives its name from 
the place where the inventor of the air-pump, Otto Guericke, first exhibited 
the experiment, in the year 1654. The section of the hemispheres employed 
by him measured 113 square inches, and they were held together by a force 
cfinal to about three-fourths of a ton. 
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256. If a solid body, bulk for bulk, be lighter than wr, it will 
ascend in the atmosphere, upon the same principle as that'by which 
a cork rises to the surface in water. 

If a hollow vessel of sufBcient magnitude could be exhaus^ed by an air- 
pump, and if it could be constructed with sufficient strength to resist the ex- 
ternal pressure of the atmosphere, iind at the same time so light that its 
entire weight would be less than the weight of the air extracted from it by 
ilie pump, such a body would necessarily rise in the atmosphere, its weight 
being less than that of the air it displaces. But these condifions arc im- 
practicable : there is no material of which such a body could bo constructed, 
so as to be at the same time sufficiently light and sufficiently strong. 

If a fluid could be found lighter, bulk for bulk, than air having tlio same 
pressure, then a hollow vessel filled with such a fluid would bo subject to no 
external pressure Umding to crush it, and might be lighter, bulk for bulk, 
than air, and under such circumstances it \vould ascend in the atmosphere. 

The first attempt ta realise these conditions was by means of heated air. 
When air is heated it expands, and, bulk for bulk, becomes lighter than it ia 
at a lower temperature. 

If, then, a large bag, composed of paper or silk, or other light material, 
be filled with heated air, the weight of such a bag, including its contents, 
might be less than its own bulk of air in the natural state, and it would 
consequently have a buo^'ancy proportional to such difference of weight. 

257. The application of this principle formed the first success- 
ful attempt in aerostation. In the year 1782, the celebrated 
Montgolfier, residing at Annonai, made a series of experiments 
which ultimately terminated in the formation of a balloon of the 
spherical formOfg-. 157.)^ containing 23000 cubic feet of heated 
air, and having such a buoyancy as to be capable of raising 
a gross weight of 500 lbs. This machine rose in the atmosphere 
to the height of 6000 feet. In this, and subsequent similar 
experiments, the air within the balloon was kept heated by 
a fire which was lighted below it, the balloon having an open 
mouth at its lowest point, through which the flame of the fire was 
transmitted. 

258. The step from the fire balloon to balloons filled with gas, 
lighter, bulk for bulk, than the atmosphere, was easy and obvious. 
The gas denominated hydrogen was no sooner discovered than it 
was applied to this purpose. ^ 

This gas, being about seven times lighter than atmospheric air, has con- 
siderable buoyancy; balloons, accordingly, filled with it, would rise to a great 
height in the atmosphere. 

It has been already explained that, as we ascend in the atmosphere, the 
strata of air have less and less density : a balloon, therefore, containing gas 
whose pressure balances the lower strata, will, if it be completely filled, have 
a tendency to burst when it ascends into the rarer strata ; for the gas, not 
having room to expand, will maintain its original elastic force, while the 
atmospheric pressure, being dimmislicd in the ascent, will cease to balance 

H 
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it. There will therefhro be a bursting pressure equivalent to the excess of 
the atmospheric pressure at the lower stratSt over thepressuie in the superior 
strata to which the balloon ascends. 



Fig. 157. 


259. These ciTects are prevented practically hy inflating, only imperfectly, 
the balloon at the moment of its ascent. When it rises into the superior 
strata, the gas accordingly expands, and the balloon becomes comparatively 
filled, gaining at the same time increased buoyanc}* by the increased expan- 
sion of the gas within it. If it ascend to a still greater height than that at 
which the inflation becomes complete, it is relieved from tho bursting force 
by means of a safety-valve. 

When the aeronaut desires to descend, be is provided with a valve, by 
which he can discharge a part of the gas, so as to diminish the buoyancy of 
the balloon ; and when ho requires to ascend, be is provided with ballast 
composed of sand -bags, by casting out which he diminishes the weight of 
the balloon. 

Before the introduction of gas-lighting, the process of inflating a balloon 
consisted in the production of the necessary volume of hydrogen gas by a 
cheroioal process. The oil of vitriol being mixed in a small proportion with 
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water, and a quantity of sheet zinc, or zinc filings or iron filings, being 
thrown into the liquid, a chemical action takes place, in which the water is 



Fife'. 158. 


decomposed. It is well known that water is a chemical combination of the 
two gases, oxygen and hydrogen. The presence of the vitriol or sulphnrie 
acid causes the zinc or iron to attract the oxygen of the water, and to fonn 
with it an oxide, while the hydrogen, the other component of w'ater, ia 
liberated. 

In tlie process of filling a balloon, a great number of casks or other ves* 
sets containing the acid solution and the metal were provided, and the 
hydrogen, as it was evolved, was conducted to the mouth of the balloon, os 
shown in^p. 158. 

Since the general introduction of gas for the purposes of illumination, the 
inflation of balloons has become much more easy and economical. The gna 
used for illumination is a species called carburetted hydrogen: it is a little 
heavier than pure bj'drogen, and consequently gives a little loss biioj'ancy 
than that gas ; but it gives sufficient for all the purposes of aerostation. 

Wherever gas-works exist, a balloon can be inflated with this gas by 
merely connecting it by a flexible pipe with a gas main. 

260. The first successful experLnent made with a hydrogen 
balloon took place in the Champ de Mars, near Paris, on the 22n(l 
of August, 1783, and on the 1st of December following, !Mcssr*« 

H 2 
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Charles and Robert ascended per- 
sonally, and conducted the experi- 
ment vrithout accident. 

The usual form of the hydrogen 
balloon, vrith its car, is shown in 
fig- 159 - 

26 1 . ParachtUes-. — It has been 
shown that the resistance of the air 
soon stops the acceleration of a fall- 
ing body. Even a cannon ball let 
fall from a sufTicicnt height would, 
after a certain time, cease to be ac- 
celerated. The major limit of the 
velocity of the descent would obvi- 
ously depend upon the weight of 
the descending body, and the extent . 
of the surface it presented to the 
air. If the weight be sufficiently 
small, and the resisting surface sufficiently great, the velocity ol 
the descent may be reduced to a very small amount. 



rig. 160. Fig. 161. 


An expedient called a parachute^ by which an aeronaut is enabled 
to let himself fall to the earth with impunity, has been constructed 
upon this principle, and consists, as shown in^i^. 160., of an um- 
brella of va^ dimenrioas, to tlie handle of which a light basket, to 
support the aeronaut, is suspended. When the parachute ia firit 
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di^ngaged, the umbrella is folded up, as shown in Jig. 1 60., and 
the fall is extremely rapid. But the air, soon entering the folds, 
makes them expand and take the form shown in 161., when 
the descent is rapidly retarded. This retardation is continually 
increased as the aeronaut approaches the ground, owing to the 
increased density of the air. 

262. Kites. — A kite is sustained in the air by the equilibrium 
of three forces : 1st, that component of the wind which acts per- 
pendicular to its surface, and which is directed obliquely upwards ; 
2nd, its own weight, which is directed vertically downwards ; and 
3rd, the 'tension of the string, which is directed obliquely down- 
wards. When the kite has assumed such position and height that 
the first of these three forces is equal, and directly opposed to 
the resultant of the second and third, the kite will be stationary. 
If the first be greater than that resultant, the kite will ascend ; if 
less, it will descend. 

263. The Air-gun. — The air-gun is an instrument by which 
balls or other missiles are projected by the elastic force of com- 
pressed air, instead of the expansive force of gunpowder. 

A strong hollow chamber, usually having the form of a metallic sphere, 
is provided, into which air is driven by means of a condensing syringe. 
This is screwed upon the gun near tho breech, so as to communicate with 
the interior of the barrel behind tho ball, the pipe of communication being 
governed by a valve or cock, which is connected with the trigger. On 
-<irawing the trigger, the valve is opened, and the barrel put in free commu- 
nication with the cT.nilensed air, which, pressing behind the ball, propels it 
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towards the mouth, from which it is projected with a corresponding force. 
Tlfe stock of the gun may contain a supply of balls, and be furnished with 
a simple mechanism, by which they may be successively transferred to the 

barrel, to that the gun may be immediately loaded after each discharge. 
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' 264. Let a glass be completely filled with \i'ater 162!), and a leaf of 
paper be so applied to its mouth as to exclude the air, and let the palm of 
one hand be applied upon it, while the glass is inverted with the other hand. 
The hand applied to the paper may then be withdrawn ; and although the 
mouth of the glass is presented downwards, the water will not be dischaiged 
from it, being supported in it by the pressure of the atmosphere acting on 
the paper. 

Let a glass be plunged in a vessel of water {fig. 163.), and, when all the 
air has been expelled fVom it, and it is filled with water, let It be raised with 
its mouth downwards, until the edge of its mouth shall be only a small 
depth below the surface of the water. It will continue to be completely 
filled with water, the liquid being sustained in it by the pressure of the at- 
mosphere upon the water in the vessel. 

265. Crosometerf.-— This name is somewhat improperly given to large 
cylindrical reservoirs in which gns is collected, in gas-worlu^ for general dis- 
tribution. llieao reservoirs act upon the principle hero explained; tlfey 
consist, as shown in^^. 164., of a large cylindrical reservoir suspended with 
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its mouth downwanls, and plunged in a cistern or water of somewhat greater- 
diameter. A pipe which leads from the gas-works is carried through the* 
water, and turned upwords, so os to enter the mouth of the gasometer. The 
gas, flowing through this pipe, rises into the gasometer, filling the upper part 
of it, and pressing down the water. Another pipe, descending fW>m the gas- 
ometer tlirough the water. Is continued to the gas main, to which it supplies 
the gas. The gasometer is balanced by counter weights supported by chains, 
which pass over pulleys, and just such a preponderance ia idiowed to it as is 
sufficient to give the gas contained in it, the compression necessaty to drive 
it through the. pipes to the remotest part of the district to be illuminated. 

266. The diving bell is constructed upon the same principle as 
the gasometer. It is let into tho water with the mouth downwards,, 
the divers beirs; seated in it and sunk by weights. Tho air con- 
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taincd in it prevents the water from rising, and fresh air is sup- . 
plied to the divers by pipes carried down, through which the fre^ 
air is forced. 

267. Bellows derive their efficacy from the elasticity aad pres- 
sure of the atmosphere, 

>Vhcn the boards A b 165*) df the bellows are separated, the inner 

chamber o is enlarged, and the 
A air is forced in by the external 
pressure through the aperture d, 
governed by the leather valve or 
Q clack. The boards being then 
pressed together, and the escape 
of tho air being stopped by the 
closed valve, it is compressed 
until it acquires an elasticity greater than the atmospheric pressure, and is 
forced out. 

ilellows on a large scale arc constructed with an intermediate board B (,Jig, 

166.), so as to consist of two cham- 
bers, F and c, and to produce a 
continued instead of an intermitting 
blast. This is nothing more than 
a double bellows, one, c, forcing air 
into the chamber of*the other, f, 
and tho second being urged by qii 
uninterrupted pressure, produced 
usually by- n weight suspended 

from the upper board. 

26.S. The effect of a vent-peg is explained by the atmospheric 
pressure. 

So long as the peg stops the hole in the top of tho barrel, the pressure of 
the atmosphere will prevent the flow of the liquid from the cock, but when 
the vent-peg is withdrawn, the air being admitted presses on tholiquid.^bpve 
with as much force as the pressure of the liquid issuing from the cocl^ and 
these two pressures being in equilibrium, the liquid flows out, in virtue of the 
weight of the column in tho barrel above the level of the cock. 

Ink-bottles arc sometimes so constructed as to prevent the inconvenience 
of the ink thickening and diying. Such a bottle, represented in fig, 167., is 
a close glass vessel, from tho bottom of which a short tube proceeds, tlic 
depth of whicli is suflicient for the immersion of a pen. When ink is 

poured ill at c, the bottle, being placed in an 
inclined position, is gradually filled to a. If 
the bottle be now placed in the position repre- 
sented in the figure, the chamber a being 
filled with the liquid, the air will be excluded 
from it ; and the pressure, tending to force tho 
ink upwards in the short tube c, will be equal 
to the weight of tho column of ink, the height 
of which is equal to tlie depth of the ink in the 
bottle A, and the bore of which is equal to the 
section of the tube a The ink will be pre^ 
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ventod from rising in the tube o by the atmospheric pressure, ^vhich is much 
greater than the pressure of the column of liquid in the bottle. As the ink 
in the short tube o is consumed by use, its surface will gradually fall, a small 
bubble of afr will then insinuate itself, and will rise to the top of the bottle 
A, where it will exert an elastic pressure, which will cause the surface of the 
ink in o to rise a little higher ; and this effect will be continually repeated, 
until all the ink in the bottle has been useil. 

Bird-cage fountains are constructed on the same principle. 

The peculiar gargling noise produced in decanting wine arises from the 
pressure of the atmosphere forcing air into the interior of the bottle to re- 
place the liquid which escapes. 

269. The efTecta, infinitely various, produced by the atmosphere 
on bodies, whether organised or unorganised, cannot be made fully 
manifest unless we arc enabled to exhibit the same objects under 
other atmospheric conditions, such as when exposed to an atmo- 
sphere much more rare and much more condensed. Instruments 
for experimental investigation have been accordingly contrived, 
by which the air surrounding objects of experimental inquiries 
can bo cither rarefied or condensed to any desired extent within 
practical limits* Wc shall now probecd to explain the princi- 
pal instruments by which these processes arc exhibited, and give 
some examples 6f their use. 

270. Tlic most simple instrument by which 
air can be withdrawn from any vessel, is the 
exhmisthiff syringe^ the principle of which will be 
understood fromyi^. 168. 

Let tlio stop-cock c bo opened and i> closed, the pis- 
ton r being then drawn up, the nir in 11 will expand so 
.as to fill the cylinder A n. Let the cock o be then closed 
and D opened, and the nir In the piston again driven 
down. The air in the cylinder A D will then be driven 
out through the cock i>. Let the cock d bo then closed 
and o opened, and let the process be repeated. By each 
upstroke of the piston a quantity of air will escape from 
11 by expansion, and by each down-stroke this quantity 
will bo expelled through i> by compression. 

Ill ’the practical form of the syringes the cocks d and 
c are replaced by valves, c being a valve opening up- 
wards, and D one opening outwards ; so that the instru- 
niciit arts without the operation of opening and closing 
the cocks. 

271. The same arrangement, only reversing 
the ofieration of the valves, will produce a con* 
tlensing ^yrhige. 

Let the cock c be closed, and d opened, and let the piston be drawn to the 
top of the cylinder. Air entering through i> will fill the cylinder. Let the 
cock i> be then doaetl, and o opened, and let the piston be driven down, the 
air in the cylinder will then be forced through c into it* Let the cock c to 
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then dosed, a&l d opened, and the opemtion repeated, and the same result 
will ensue. In this way, with each stroke of the piston, a cylinder full of air 
will be forced into n, which will thus contain condensed or compressed air. 
In the practical form of the condensing syringe, d is a valve opening inwards, 
and c, one opening downwards. 

272. The air-grun, already described, is charged by the operation 
of such a syringe. 

273. An air •pump is an instrument used for philosophical pur- 
])Oscs, by means of which the air can be withdrawn from any vessel 
la which an experiment is desired to be made. The vessel from 
which the air is withdrawn is generally a glass bowl, the mouth of 
which rests in air-tight contact upon a circular plate, in the centre 
of which is a hole communicating with exhausting syringes, by 
which the air is withdrawn. The most common form of air-pump, 
shown in./5gr. 169., consists ot two exhausting syringes worked by 
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racks and pinions, communicating, as shown in Jig. 1 70., with the 
air-pump plate by a rectangular tube supplied with cocks, by 
which the communication between the receiver and the syringe 
c*an be opened and closed at pleasure. A mercurial gauge, upon 
the principle of the common barometer, is usually attached to such 
an instrument, by which the degree of rarefaction produced by 
the syringes can be measured. 
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274. Windmills , — Sinco the infuncy of the art:?, the force of 
the wind has been used ns a moving power. It is still extensively 
used for driving corn millS| and also, more or less, for the purposes 
of drainage. 

The vertical section of a corn mill, in its usual form, made by 
a plane passing through the axis of the sails, is represented in 
fig, 171. 

Tho axis A a, upon which the sails revolve, is inclined at an angle of xo or 
15 degrees to tlie horizon, tiio wind being found generally to bloAV down- 
wunls.at about that angle. Tho entire structure is supported on a vcrticar 
:ixifl IX 0, upon which it enh bo turned by a long lever k, so ns to present tho 
sails to the wind wliiitcver bo its direction. Tho ladder for mounting into 
the mill is raised, and moved by the same lever. A crown wheel d, which 
revolves with the shaft A n, imparts motion to tho vertical basket K, which is 
fixed upon the shaft which turns tho millstones r. The sails consist §f four 
arms a c, placed at right angles, each of which is formed like a double ladder, 
* the centre pillar of the ladder being the arm, a Udder being thus ranged on 
each side of it. Upon tho rungs of these ladders canvass forming the sails is 
8ti*ctchcd. It is evident that if tho surface of this canvass were presented 
l>crpcndicu1arly to the direction of tho axis A d and that of tho wind, no re- 
volution would bo produced, tho whole force of tho wind Iiavxng. no other 
ciTect than to strain the arms of tho mill ; but by inclining the canvass at a 
proper angle to tho direction of tho wind, the force of tho latter, as in tho case 
of the soils of vessels, is resolved into components, one of which will be 
directed at right angles to tho arm of the mill. 

275. A siphon is an apparatus by which a liquid can be des- 
canted from one vessel to another without inverting or otherwise 
disturbing tho position of the vessel fkoin which the liquid i» 
removed. 
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171^ beavessel containing a UqiUd, and letsbe the height over 
wmcii It IS neceseaiy to conduct the liquid, so as to transfer it Uathe veesel 
ro. ^t A B Che a bent tube open at both ends, and let the leg b Abe im- 
raenM in the liquid which it is required to transfer, and let the leg B o be- 
ilirecM into the vessel into which the liquid is to be removed. Let the 
air wnicn fills the tube abo be drawn feom it by the mouth placed at o, 
or by an exhausting eyringe^ The liquid in the vessel d will then he- 


PNEUMATICS, 


166' 



rig. 171. 


34 feet. 


forced up in the pipe A b bj the pre»* 
sure of the atmosphere, and will fill the 
under tube to the mouth c. It will then 
Ilow through the siphon, and continue to 
be discliargcd at c so long as the level of 
the liquid in the vessel J> is above its level 
in the vessel f o. 

It is evident that the bend of the si- 
phon u cannot be at a greater height 
above the level of the liquid in i> than 
corresponds with the height of a column 
of the liquid which the atmospheric pres- 
sttiv. can support. Thus, if the liquid to 
be <lecantcd wera mercury, the height of 
It above D should be less than 30 inches ; 
ami if it were water, it must bo less than 


276. The common pump used for domestic purposes is nothing 

more than an exhausting 
syringe mounted at the 
summit of a pipe, which 
descends into the well or 
reservoir from which the 
water is to be raised, liy 
the operation of the sy- 
ringe, the air in the pump 
barrel is gradually rare- 
fied, and the pressure of 
the atmosphere, acting on 
the water in the well, forces 
a column of water up the 
pump barrel till it comes 
in contact with the piston 
of the syringe. In this*pis- 
ton a valve is provided 
opening upwards, through 
which the water passes and 
is elevated by the up-stroke 
of the piston and dis- 
charged at a pipe jdaced 
in any convenient position. 

Fig, 173. represents the com- 
mon form of pump used for the 
purposes of illustration, h n, 
is the handle or break ; A the 
barrel in which the piston plays 
and which is, in fact, an ex- 
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iiausting syringe; a the pipe which descends into the well or reservoir; c 

the pipe leading to the point of discharge 
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277, A force pump consists of an exhausting syringe supplied 
with a piston having no valve in it. The water is drawn from the 
well upon the same principle as in the common pump just dc- 
scribedy and when the pump barrel under the piston is filled with 
it, the piston in descending presses upon the water, which is pre- 
vented from returning to the well by a valve under it, which 
opens upwards, and is forced through another valve, which opens 
at the side, into a force pipe which leads to a receiver called an 
air vessel. When the water is forced into this receiver, the air, 
being compressed above it, reacts upon it, and forces it in a con« 
tinuous stream through a pipe provided for the purpose. 



Fig. 174. 

An illustrative model of the force pump is shown injig, 174., where cd la 
the pnmp barrel ; 11 h the air vessel, and o the force pipe^ up which the water 
is driven by the reaction* of the air. 

278. The fire-engine is a double fordng pump, each barrri of which acts 
upon the principle here explained. A section of such an engine in its usual 
form is represented in^. 175. The operation of it will be readily understood 
hf what has been already explained. 
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CHAP. XL 

SOUND. 

279. Sound is the sensation produced in the organs of hearing 
when they are olTected by undulations transmitted to them through 
the atmosphere. These undulations are subject to an infinite 
variety of physical conditions, and each variety is followed by n 
different sensation. 

280. That the presence of air or other , conducting medium is 
indispensable for the production of sound, is proved by the fol- 
lowing experiment. 

Let a small apparatus (^. 276.) called an alanim, consisting of a bell 
a, which is struck by a hammer 6, moved by clockwork, be placed under the 
receiver of an air-pump, through the top of which a rod slides, air-tight, the 
ond of the rod being connected with a detent which governs the motion of the 
clockwork connected with the hammer This rod can, by a handle placed 
outside the receiver, bo made to disengage the detent, so as to make the hell 
ring whenever it is desired. 

This arrangement being made, and the alarum being placed within Uie 
receiver, upon a soft cusliion of 'wool e, so as to prevent the vibration from 
being communicated to the pump-plate, let the receiver he exhausted in the 
usual way. When the air has been withdrawn, let the bell be made to ring 
by means of the sliding-rod. No sound will be heard, although the percus- 
sion of the tohgue upon the bdl, and the viluation of the beU am 
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viailile. Kow if a little air be ad- 
mitted into tlio receiver, a faint 
fM>und will bcpti to be heard, and 
this sound will berome gradually 
lou^ in proportion rs the air is 
gradually readmitted. 

In this case the vibrations which 
directly net upon the ear are not 
those of the air contained in the I'e- 
ceiver. These latter act upon tlie 
receiver itself and the pump-plate, 
producing in them sympallictic vi- 
bration ; and those vibrations im- 
part vibrations to the external air 
which are transmitted to the car. . 

, If in the preceding experiment a 
cushion had not been interposed 
between the alarum and the 
pump-platc, the sound of the bcl] 
would have been audible, notwitli- 
Btanding the absence of air from 
the receiver. The vibration in this 
case would have been propagated, 
first from tbe bell to the pump- 
plate and to the bodies in contact 
with it, and thence to the external 
air. 

281. Since the propagation 
of undulations through the 
atmosphere is progressive, an 
interval of time, more or less, must elapse between the vibra- 
tion of the aounditig body and the perception of the sound by a 
hearer, and such interval will be proportionate to the distance of 
the hearer from tlie sounding body, and to the velocity with which 
sound is propagated through the intervening medium. This pro- 
gressive propagation of sound can be directly proved by experi- 
ment. 

Let a series of observers, a, b, c, d, &c., be placed in a line, at distances of 
about 1000 feet asunder, and let a pistol be discharged at P, about tooo feet 
from the first observer. 
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A B C 1> B F 

P. 

This observer will see the flash of the pistol about one second before he hears 
the report, The observer b will hear tbe report one second after it has been 
heard by a, and about two seconds after he sees the flash. In the same 
tnanner, the third observer at o will hear the report one second after It lias 
been heard by the observer at b, and two seconds after it has been heard by^ 
the obeeiv'cr at a, and three seconds after he perceives the flash. In the 


no 
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Miiie way, the fourth observer at b will hear the report one second later thaii 
it was heard by the third observer at and three seconds later than it was 
heard by the observer at a, and four seconds after he perceives the flash. 

Now it most be observed, that at the moment the report is heard by the 
second observer at b, it has caused to be andible to the first observer at a ; 
and when it is heard by the third observer at c, it has ceased to be heard by 
the second observer at r, and so forth. It follows, therefore, from this, that 
sound passes through the air, not instantaneously, but progressively, and at 
a uniform rate. 

282. As tho sensation of sound is produced by the wave of air 
impinging on the tympanum of the ear, exactly as the momentum 
of a wave of the sea would strike the shore, it follows that the 
interval between the production of sound and its sensation, is the 
time which such a wave would take to pass through the air from 
the sounding body to the ear ; and since these waves are propa- 
gated through the air in regular succession, one following another 
without overlaying each other, the breadth of a wave may always 
be determined if we take the number of vibrations which the 
sounding body makes in a second, and the velocity with which 
the sound passes through the air. If, for example, it be known 
that in a second a musical string makes jcx) vibrations, and that 
the sound of this string takes a second to reach the ear of a person 
at a distance of 1000 feet, there are 500 waves in the distance of 
^000 feet, and consequently each wave measures two feet. 

The velocity of the sound, therefore, and the rate of vibration, 
are always sufficient data by which the length of a sonorous wave 
cgn be computed. 

283. It has not been ascertained, with any clearness or cer- 
tainty, by what physical distinctions vibrations which produce 
common sounds or noises are distinguished from such as produce 
musical sounds. It is nevertheless certain, that all vibrations, in 
proportion as they are regular, uniform, and equal, produce sounds 
proportionably more agreeable and musical. 

Sounds are distinguished from each other by their /nVeft or ftme, 
in virtue of which they are high or low ; by their t7i/s9is%, in 
virtue of which they are loud or soft; and by a property ex- 
pressed in French by the word timbre^ which we shall here adop( 
In the absence of any English equivalent. 

284. The pitch or tone of a sound is grave or acute. In the 
former case it Is low, and in the latter high, ih the musical scale. 

" The more rapid tho vibrations are, the more acute will be the 
sound. A bass note is produced by vibrations much less rapid 
than a note in the treble. 

All. vibrations whidi are performed at the same rate produce 
waves of equal length and sounds of the same pitch. 
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285. The intcnaity of a sound, or its degree of loudness, depends on 
the force with which the Tibrations of the sounding body are made. 

286. The timbre of a sound is the difference perceived between 
notes of the same pitch and intensity produced by different in- 
struments. If we hear the same musical note produced with the 
same degree of loudness in an adjacent room successively upon a 
flute, a clarionet, and a hautboy, we shall, without the least hesi- 
tation, distinguish the one instrument from the other. This differ- 
ence in the sound is produced by differences in the form of the 
waves arising from the various sources. 

287. It is manifest from the absence of all confusion in the 
effects of music, at whatever distance it may be heard, that in the 
same medium all sounds have the same velocity. If the different 
notes simultaneously produced by the various instruments of an 
orchestra moved with different velocities through the air, they 
would be heard by a distant auditor at different moments, the 
consequence of which would be, that a musical performance would, 
to the auditors, save those in immediate proximity with the per- 
formers, produce the most intolerable confusion and cacophony ; 
for different noted produced simultaneously, and which, when heard 
together, form harmony, would at a distance be heai^ in succes- 
sion ; and sounds produced in succession would be heard* as if 
produced together, according to the different velocities with which 
each note would pass through the air. 

[288. The velocity of sound varies with the ratio of the elas- 
ticity to the density of the medium by which it is propagated. 
Its velocity, therefore, through the air will vary more or less with 
the thermometer, though not with the barometer. In variations 
nf barometric pressure, the elasticity and density so change to- 
gether as to produce no change in the velocity.] 

The experimental methods which have been adopted to ascertain 
the velocity of sound, arc similar in principle to those which have 
been briefly noticed by way of illustration. The most extensive 
and accurate series of experiments wliich have been made with 
this object, were -those made at Paris by the Board of Longitude 
in the year 1822, The sounding bodies used on this occasion 
were pieces of artillery charged with fi-om two to three pounds of 
powder, which wei-o placed at Villejuif and Montlh^ry. The ex- 
}>eriments were made at midnight, in order that the flash might 
l>e more easily and accurately noticed. They were conducted by 
MH. Prony, Arago, Mathieu, Humboldt, Gay-I^ussac, and Bou- 
vard. The result of these experiments was, that when the baro- 
meter was at 29*8 inches, and the thermometer at 61^, the velocity 
nf sound was 1 1 1 8*4 feet per second. The experiments of MoU 
and Van Bcek give 1 1 24*7 feet per second at 62^ (See ^*Hand« 
book Acoustics/ new edition.) 
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According to the theory of Laplace, the velocity of sound in- 
creases at the rate of i * 1 1 feet per second for every degree in the 
rise, and decreases at the same rate for each degree in the fall of 
the thermometer. Hence it appears that the velocity of sound at 32^ 
is 1086*2 feet per second. For all practical purposes, it is suf- 
ficiently exact to take 1120 feet as the velocity of sound at 62^, 
and allow thirteen inches for every variation of a degree in tem- 
perature. 

289. The production of sound is in many cases attended with 
the evolution of light, as, for example, in fire-arms and explosions 
generally, and in the case of atmospheric electricity. In these 
cases, by noting the interval between the flash and the report, 
and multiplying the number of seconds in each interval by the 
number of feet per second in the velocity of sound, the distance 
can be ascertained with great precision. Thus, if a flash of lightning 
be seen ten seconds before the thunder which attends it is heard, 
and the atmosphere be in such condition that the velocity of sound 
is 1120 feet per second, it is evident that the distance of the 
cloud in which the electricity is evolved must bo 1 1 200 feet. 

290. The same sounding body will produce a louder or lower 
sound, according as the density of the air which surrounds it is 
increased or .diminished. In the experiment already explained, 
in which the alarum was placed under an exhausted receiver, the 
sound increased in loudness as more and more air was admitted 
within the receiver. If the alarum had been placed under a 
condenser, and highly compressed air collected round it, the sound 
would be still further increased. 

When persons descend to any considerable depth in a diving-bell, Uk! 
atmosphere around tlicm is compressed by the weight of the column of 
water above them. In such circumstances a whisper is almost as loud ns 
the common voice in the opon air, and when one speaks with the ordinary 
* force it produces aii ciTcct so loud as to be painful. 

On the summit of lofty mountains, where the barometric column falls to 
ono-half its usual elevation, and where therefore the air Is highly rarelictl, 
sounds are greatly diminished in intensity.' Persons who ascend in balloons 
find it necessary to speak with much greater exertion, and, as would be said, 
louder, in order to render themselves audible. When Saussure ascended 
Mont Blanc, lie found that the report of a pistol was not louder than a 
common cracker. 

291. Violent winds and other atmospheric agitations afTect the 
transmission of sound. When a strong wind blows from the 
hearer towards the sounding body, a sound often ceases to be 
heard which would be distinctly audible in a calm. A tranquil 
and firosty atmosphere placed over a smooth and level surface is 
favourable to the transmission of sound. Lieutenant Forster held 
a oonvdrsation with a person on the opposite side of the harbour of 
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Port ^owen, in the third polar expedition of Sir Edward PoiTjr, 
the distance between the speakers being more than a mile. 

It is said that the sound of the cannon at the battle of Waterloo 
was heard at Dover, and that the cannon in naval engagements in 
the Channel have been heard in the centre of England. 

292. Liquids are also capable of propagating sound. Divers 
can render themselves audible at the surface of the water ; and 
stones or other objects struck together at the bottom produce a 
sound audible at the surface. 

It appears from the experiments of M. Colladon, made at 
Geneva, that sounds are transmitted through water to great 
distances with greater force than through air. A blow struck 
under the water of the Lake of Geneva was distinctly heard 
across the whole breadth of the lake, a distance of nine miles. 

Solid bodies, such as walls or buildings interposed between the 
sounding body and the hearer, diminish the loudness of the 
sound, but do not obstruct it when the sound is made in air ; but 
it appears from the experiments of M. Colladou, that the inter- 
position of such obstacles almost destroys the transmission of sound 
in water. 

293. Solids which possess elasticity have likewise the power of 
propagating sound. If the end f>f a beam composed of any solid 
possessing elasticity be lightly scratched or rubbed, the sound will 
be distinct to an ear placed at the other end, although the same 
sound would not be audible to the ear of the person who produces 
it, and who is contiguous to the place of its origin. 

The earth itself conducts sound, so as to render it sensible to 
the car when the air fails to do so. It is well known, that the 
approach of a troop of horse can be heard at a distance by putting 
the ear to the ground. In volcanic countries, it is said that the 
rumbling noise which is usually the prognostic of an eruption is 
first heard by the beasts of the field, because their ears are gene- 
rally near the ground, and they then by their agitation and 
alarm give warning to the inhabitants of the approaching cata- 
strophe. Savage tribes practise this method of ascertaining the 
approach of persons from a great distance. 

^ 294. The velocity with which sound is transmitted through the 
air varies with its elasticity ;'and where different strata are ren- 
dered difiercntly elastic by the unequal radiation of heat, the 
agency of electricity, or other causes, the transmission of sound 
will be irregular. In passing from stratum to stratum dilSering 
in elasticity, the speed with which sound is propagated Is not' 
only varied, but the force of the intensity of the undulations is 
diminhh ed by the combined efiects of reflection and interference. 
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so that the sound, on reaching the ear, after passing through 
such varying media, is often very much diminished. 

The fact, that distant sounds are more distinctly heard by night 
than by day, may be in part accounted for by this circumstance, 
the strata of the atmosphere being during the day exposed to 
vicissitudes of temperature more varying than during the night. 

295. The solids composing the body of an animal are capable of 
transmitting the sonorous undulations to the organ of hearing, 
even though the nir surrounding that organ be excluded from 
communicating with the origin of the sound. 

Chladni showed that two pi^rsons stop|Mng their ears could con- 
verse with each other by holding the same stick between their teeth, 
or by resting their teeth upon the same solid. The same effect was 
produced when tlie stick was pressed against the breast or the 
throat, and other parts of the body. 

If a person speak, directing his mouth into a vessel composed of 
any vibratory substance, such, as glass or porcelain, the other 
stopping his ears, and touching such vessel with a stick held 
between his teeth, he will hear the words spoken. 

The same effect will take place with vessels composed of oj^etal 
or wood. 

If two persons hold between their teeth the same thread, stop- 
ping their ears, they will hear each other speak, providetl the 
thread be stretched tight. 

296. Of the various forms of apparatus which have been con- 
trived for the production of musical sounds, with a view to the 



Fig. I 77 ‘ 

experimental illustration of their theory, that which is best 
adimted for this purpose, is called a monochord or sonometer. 
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S77O Gonnsta of a string of catgut or wire attached to a fixed point 
carried over a pulley, and stretched by a known weight. Under the string 
is a hollow box or sounding-board, to the frame of which the pulley is 
attached. The string rests upon two bridges, one of which is fixed, and the 
other can be moved with a sliding motion to and fto, so as to vaiy at pleasure 
the length of the part of the string included between the two bridges. 

A divided scale is placed under them, so that the length of the vibrating 
part of the string may be regulated at pleasure. By varying the weight, 
the tension of the string may be increased or diminished in any desired pro- 
portion. This may be accomplished with facility by circular weights wMch 
are provided for the purpose, and which ma3' be slipped upon the stem of 
the weight. By means of this apparatus, the relation between the various 
notes of the musical scale and the rate of vibration by which they are re- 
spectively produced have been ascertained. 

297. The rate of vibration of a string such as that of the monochord is 
inversely as its length, other things being the same. Thus, if its length bo 
halved, its rate of vibration Is doubled ; if its length be diminished or in- 
creased in a threefold proportion, its rate of vibration will be increased or 
diminished in the same proportion ; and so forth. 

Let the bridges be placed at a distance firom each other as great as the 
apparatus admits, and let the weight which stretches the string be so ad- 
justed, that the note produced by vibrating the string shall correspond with 


any proposed note of the musical scale ; such, for example, as 



low c of the treble clef. This being done, let the movable bridge be moved 
towards the fixed bridge, continually sounding the string until it produces 
the octave above the note first sounded, that is, until it produces the middle 


Jf the h.'figtli of the string be now ascertained by reference to the scale of 
the inonochord, it will be found to be precisely’ one-half its original length. 

298. Ilcncc it follows, that the same string will sound nn octave 
higher if the length is halved. But the rate of vibration will be 
doubled when the length of the string is halved. Hence it 
follows, that two sounds, one of which is an octave higher than 
the other, will be produced by vibrations, the rate of which will 
be in the prop'ortion of 2 to i ; and, consequently, the length of 
the undulation producing the lower note will be double that of the 
undulation producing the higher note. 

By like experimenta it is shown that the more frequent th^ 
OOincident vibrations are, the more perfect is the harmony, and 
the less frequent they are, the more discordant are the notes. 
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CHAP. XTI. 

OPTICS 

299. Light is the physical agent by which the material world is 
rendered manifest to the sense of sight. Luminaries are bodies 
. which arc original sources of light, such os a lamp or candle, red- 
hot metal, the electric spark, lightning, and so forth. Non luminous 
bodies arc rendered visible by receiving light from luminous ones, 
and reilccting such light to the eye. 

300. Transparent bodies are those througli which light passes. 
^ Opaque bodies are impervious to light. Glass, air, and water, are 

transparent ; metals, stone, and wood are opaque. 

301. When bodies are imperfectly transparent, light passes 
through them in a confused manner, so that objects cannot be 
seen through them. Ground glass, oil paper, horn, foggy air, 
clouds, tortoise shell, &c , arc examples of imperfectly transparent 
bodies. 

302. Light proceeds in straight lines when not deflected from 
its natural course, and these straight lines are colled rays of light 

303. A point from which numerous rays of light diverge, is 
called a luminous jwint or focus, 

304. Any collection of rays diverging from a point, or pro- 
ceeding parallel to each other, is called n pencil of rays. The point 
from which they diverge or towards which they converge, is called 
the /ecus of the pencil. 

305. It is owing to the rectilinear propagation of light, that the 
shadows of bodies corrcipond more or less with their profiles. 
Thus the shadow of a globe is a circle (^Jig. 178.). 


Fig. 178. 

306. When a luminous body has a certain magnitodei eadi 
point of it casts a separate shadow, and hence arises an indistinct- 
41688 in the edge of the general shadow, called a peTtumbra. 






RAYS OP LIGHT. 


117 


I 


Fig. 179. 

In Jiff. 179, ss', represents a lumhioiis boily. Tlic sliailow prodiiceil hy tlie 
point s is limited above at f», and below at e; wTiile the shadow produced 
by a' is limited above at rf, and below at m'. Thus the space mm' is a com- 
plete shadow, while the space above m and below m' is partially illuminated. 

307. The intensity of the light which proceeds from a luminous 
point, decretiscs in the same proportion as the square of the dis- 
tance from the point increases. 

This is evident if it be considered that in receding from the point the 
luminous rays separate more and more from each other, so that a less number 
of them will fall upon a given extent of surface. Thus the number of rays 
which will fall upon a square inch at a certain distance will be four times 
the number that would fall upon a square inch at twice that distance, nine 
times the number at three times that distance, and so on. 

308. When rnys of light fall upon a polished surface. which is 
not transparent, they will be reflected from it, and the reflected 
rays in such cases will be inclined to the surface, at the same angle 
ns were the rays incident upon it. It is upon this property that 
the eflect of mirrors and other plane reflectors depends. 
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Let M v i8a) represent a plane reflector, such as a common looking- 
glass ; and let A be any point upon an object placed before it at the distance 
AH. The rays which diverge from a, and strike upon the mirror at bc% 
<^,will be reflected from bc towards o, as indicated by tlie arrow, exactly as if 
they had proceeded from a point a as far behind the mirror as A is before it, 
and the impression produced upon the eye at o will consequently be the. 
same as if the point a were really at a. 

In the snnic mniiiicr, if an object Aii i8i«) bc placed before a piano- 
reflector M N, the rays which diverge from the several points of it will be- 
reflected by m n towards the C3'e of the observer, us if they came from tbo- 
same bod^* pluciid at ah ns far behind the mirror as the real object A n is- 
beforo it. 

309. In giMienil, therefore, when objects are placed at any 
distance before a mirror, they will appear, when seen in the mirror^ 
os if they were at an ecpial distance behind it. When a person* 
looks at himself in a glass 182.), he will see his own image 

for this reason, as if it were standing at an ccpial distance behind! 
the glass. 



Fig. iSz. 

3 10. If an object be placed before 11 convex spherical mirror, » 
its image will bo formed behind the mirror, but not at an equal 
distance, os is the case in plane mirrors. Tlie distance of the 
image behind the miiTor is always less than the distance of the 
object before it, and the magnitude is also less. 

Thus if LM ijig. 183.) be an object placed in front of a convex mirror A 
the image of the object will be formed at I m, at a distance from the mirror 
less than half the radius o k, mod the image will be less than the object. 

31 1. If, on the contrarA', an object t.bi {Jig, 1S4.) be placed before a 
concave mirror at a distance from it less than half the radius o u, its image 
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tm will be formed behind the mirror at a greater disUince from it than the 
object, and will be greater in magnitude than the object. 



Fig. 184. 

312. When a ray of light passes from one transparent medium 
into another, it is generally deflected from its course, and this de- 
flection is called retraction. 

Thus, if c be an object, such as a piece of money {fig, 185.), placed at the 

bottom of a vessel of water, the ray 
of light proceeding from o to the 
surface of the water at n, and thence 
passing into the air, is bent out of it.s 
course, and instead of continuing tr> 
proceed in its direction cn, will bo 
deflected in the direction n e ; so tliat 
an observer at e will see the object, 
not at c, but in the continuation of 
the line K u. If the water were in 
this case discharged from the vessel, 
the object c, which was visible while 
the water was present, would cease 
to be visible to the eye at e, being intercepted by the side of tlie vessel. 

313. If a ray of light pass successively through two or more 
surfaces of transparent media, it may suffer a succession of re- 
fractions, by which it will be turned more or less out of its ori- 
ginal course. 

314. A prism is a triangular piece of glass represented in out- 
line in^. 186., and in perspective in Jig. 187. 

315. If A n o {fig, ^88.) represent a transverse section of such a prism, a ray 
of light PQ, passing through it will be twice refracted, first, in entering, and, 
secondly, in leaving it. On entering the prism the ray r o is deflected in 
the direction o o', and, in issuing from it, is again deflected in the direction 
o' B, so that the ray, which originally had the direction p o, will, by the double, 
action of the prism, be deflected into the direction o' r. 
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316. Certain cases oi?cur, however, in which the ray, after 
passinp^ throuj?h Ukj prism and encountering its second surface,* 
instead of being refracted, is reflected. This happens, for ex- 
ample, in the case of a rectangidar prism represented in section at 
ABC 189.) 

Tlic ray i> o passing perpendicularly into the surface d a, suffers no refrac • 
tion ; 1ml wlicti it oncouiitcrs the surface nc at o', instead of being refracted, 
it is rcflectiMl in tfie direction o' n, at right angles to AC. 



I i ■. ix<). Fig. 190. 

317. Tills particular kind of reflection, from its exceeding bril- 
liancy, IS calkMl total reflection^ no sensible quantity of light being 
lost. In flg* 190, a case is illustrated in which two such reflec- 
tions take place. The ray a b being first reflected at b, and 
secondly at c, issues from the prism towards the eye at d. 

318. A lens is a circular piece of glass ustitUy of small thick- 
ness, the surfaces of which are either conyex or concave. If both 
surfaces be convex, as in flg^ 191 it is called a douMe convex lens ; 
4ind if both surfaces be concave, as in^i^. 192., it is called a double 
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vojtcave If one surface be convex, and the other concave, it is 

called a concavo-convex lens, when the concavity is greater than the 


rijf. 191. 

convexity, and a meni^cu^ when the convexity is greater than the 
ronea\if^. If one surface of the lens be plane, it is eallcd plano^ 
convpr or plano-concave^ accoj'ding as the other siirfiiee is convex 
or concave. 





Fig 19Z 

319. Tlie practical efTeet of a meniscus or piano-eon vex lens, 
the same as that of a double convex, and the piactical ellect of 
a concavo-c(»nvex 01 plano-concave is the same as that of a double 
concave, so that generally it will be enough to explain the efTbets 
of double convex ami double conea\e huises ft is tine that 
lenses of the other foiiiis have peculiar pi opei tn wlfu li, howe\er 
It will not be necessary to notice here. 

320. The eflect of a double comex lens is to diminish tlie cb 
seigcney, or increase the convergeney of rajs. 

If a luminous point be placed at a certain small distance ftom such a len , 
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the rays issuing from it, after passing through the lens, will be less divergent. 
If the point be rcimovcd to a gradually increasing distance from the lens, a 
certain position will be found, at which the rays, after passing through the 
lens, will be parallel, os shown in Jig, 19 ). 

321. This position of the luminous point is called the. principal 
focm of the lens, and its distance from the lens is called the prin~ 
cipal focal distance, 

322. If the luminous point be removed to a still greater dis- 
tance from the lens, the rays diverging from it, after passing 
through the lens, will be rendered convergent, and will, in fact, 
converge to a point at a certain distance on the other side of the 
lens. The luminous point is, in this case, called the focus of t/i- 
cidcjii rays^ and the point to which the rays after passing through 
the lens converge, is called the conjugate focus or focus of re- 
fracted rays. 

323. If an object be placed before a convex lens at a distance 
from it greater than its focal length, an image of such an object 
will be formed on the other side of the lens at the point just de- 
.scribed as the conjugate focus, and this image will be inverted. 
This cilect may be illustrated experimentally by means of candle 
A, lens It, and screen c, as shown in Jig, 194. 



Pig- «94- 


324. Solar light is compound, consisting of several ports which 
possess different properties, and among these properties two of the 
most important are, difference of degrees of refrangibility, and 
difference of colour. This is demonstrated by some extremely 
beautiful and interesting experimepts made witli glass prisma* 

If a ra 3 ' of light be admitted into a dark chamber, tbroogb an opening p 
in A window shutter ijig, 19S-) and be received at upon the aide of a tri- 
angular prism, it will, after passing through the prism, be separated into a 
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fon-shiiped bundle of rays, which may be received upon a screen at a distance 
from the prism. 

If tlie ray were not intercepted by the prism, it would proceed along the 
dotted line, and would produce a luminous spot upon the screen at z ; but 
by the refraction of the prism, it is not only deflected to a higher point of the 
screen, but it is resolved into a number of divergent rays, the highest of which 
goes to K, and the lowest to k', the intermediate rays falling upon the parts 
of the screen between k and k'. An appearance will bo thus formed upon 
the screen, consisting of an oblong luminous band M n, the several parts of 



Fig. 195. 

which have different colours. The colour at (be summit is Violet, r, and at 
the lowest point Ucd, ic ; the intermediate colours proceeding downwards 
are Indigo, i ; Blue, n ; Green, o ; Yellow, y ; and Orange, o. 
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^*ig. 196- 
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The arrangement by which this remarkable exx)eriment is usually mode, 
is represented in perspective in fig, 196. 

325. The phenomenon hero produced, which is callbd the ^ris- 
matfc nj^ectrum^ is explained, by supposing that the solar light 
consists of many different component parts, having the different 
colours hero indicated, and the intermediate shades. These parts 
differ not only in colour, but also in rcfrangibility, since it is evi- 
dent by mere inspection of the figures, that the red ray is less 
refracted than the orange, the orange less than the yellow, the 
yellow less than the green, the green less than the blue, the blue 
less than the indigo, and, in fine, the indigo less than the violet, 

. the violet being the most refracted of all. 

326. This inference is confirmed by another experiment, in 
which the rays proceeding from the prism here described, are re- 
ceived upon a similar prism with its refracting angle reversed, so 
that the opposite effect being produced upon the rays, they are 
recomposed and reduced to a single ray, as if they had not passed 
through the prism at fill. This mngle ray is white. 

327. Tluis it ai>pears that solar light consists of different 
lights, of difierent colours, and of different degrees of refrangi- 

bility, and if these different 
lights after being separated' are 
reunited, solar light will be re- 
produced of its natural white 
colour. ^ 

.328. If the several colours of 
the prismatic spectrum be painted 
in.a circle upon a screen, as re- 
presented 197., th» spaces 

allotted to each colour corre- 
sponding with tlioSe Vtrhicii tiBey 
occupy in the spectrum, their re- 
combination can be produ^d by 
attaching the card upon which 
they are paiAed to a whirling apparatus as in^^. 1^8. 

When the card is iiiodo to revolve with a rapid motion, any one of the 
coloured spaces alone would produce the appearance of a continuous ring of 
that colour; and when all are made to revolve together, such rings will be, 
as it were, superposed and mixed, and will produce a wliite colour. 




%3 




Jig. If a white object be placed before a double convex lens, 
its image produced on the other side of the lens will not he, strictly 
speaking, angle, as has been already stated, since the distance of 
the image from the lens will depend upon the zefrangildlity of the 
light prooeediivif from the object. But since the white light 
emitted from the object consists of many component parts, having 
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Fig. 19s* 

different degrees of re&angibUity, that which is most refrangible 
will form an image near to the lens, and that which is least 
frangible at a greater distance from it, those of intemfediate 
xefirangibility having images at intermediate distances* 


Tbus, if A c 199.) be the lens, the series of coloured images produced 
by a white object will iiave the order represented between v and vh the violet 
image being nearest the lens, dnd the red image most distant Mm it. But, 
since the images, though at dlifcrent distances irom the lens, are, nevertheless, 
still very close together they ore seen as if they were superposedt and their 
colours are consequently blended, so that they will produce an image of the 
object in its natural colours, but more or less confused, and fringed at the 
edges with prismatic colours. 



330. This is the reason why objects seen through a piece of cut 
glass are observed to be edged with colours like those of the rain- 
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bowy and also why, in bad and cheap telescopes, the images of all 
objects looked at are edged with these coloured fringes, 
r, 33 ** Bscpedients have been invented by which the combination 
of dpEbirant sorts of glass is capable of neutralising this separation 
of the images, and of exhibiting the objects in their proper colours 
without confusion. Such telescopes are accordingly called achro^ 
miathy being free from colour. 

332. When a ray of light has been reflected from the surface of 
o body under certain special conditions, or transmitted through 
oertain transparent crystals, it undergoes a refnarkable change in 
its properties, so that it will no longer be subject to the same effects 
of reflection and refraction as before. The effect thus^juroduced 
upon it has been called polaHsaiiony and the ray or rays of light 
thus affected are said to be polarised. 

The name jpolss is given in physics in general to the sides or ends 
«f any body which enjoy or have acquired any contrary properties. 
Thus, the opposite ends or sides of a magnet have C2>ntrary pro- 
perties, inasmuch as each attracts what the other repels. The 
opposite ends of an electric or galvanic arrangement are, for like 
reasons, denominated poles. 

Following the common rule of analogy in nomenclature, a ray 
of light which has been submitted to reflection o r transmission 
under the special conditions referred toph^ been called j^larUtd 
light; inasmuch as it is found that the sides of the ray wmch lie at 
right angles to each other possess contrary physical propefiieSf 
while those of i ray of common or unpolorised light possess the 
same physical properties. ^ ^ ^ 

To iUuBtiate the relative physical condition of common lighlraiid polarised 
light, Wo may compare a ray of common light to a round rod or wire of nni- 
flirm polish and uniformly white, while a ray of polarised light may be com- 
pared to a similar wire, two of whoso opposite sides are rough and black, 



whUe the other' opposite sides at right angles to these are polished and 
white. Thus, if a 0 c d* (Jfg. soo.) bo a section of the fbnner. the entire dr- 
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cttmference a b o d is white and polished, and if a' b' o' d' (Jig. 201.) bo a 
section of the latter, a' and c' will be white and polished, while V and dC will 
be black and rough. ^ 

A group of physical properties, very numerous and complicated, cbaracfirise 
the polarised state ofdight, the discussion and exposition of which cbusUtute 
the subject of an extensive and important section of optics. 

333. Common light may bo polarised either by reflection or 
refraction. 

If a ray of light fall upon the surface of glass, blackened at the 
back, at an angle of 35 ^ 25 ^ with the surface, the reflected ray will 
be polarised. a 

This angle is called the angle of poJarisaHon for glass. Each 
body which reflects light has an angle of polarisation peculiar to it. 

The polarised ray will be capable of reflection on the sides (/ 
(Jig* 201.), at which it strikes the polarising surface, but incapable 
of reflection on the sides ¥ at right angles to these, the angle of 
incidence being the same. 

534. Light may be polarised by refraction, by transmitting the 
ray successively through a series of transparent plates, or through 
media called double refracting crystals. 

335. Certain crystals, such os rock crystal, have the property of 

resolving a ray of common light transmitted through them into 
two rays, both of which are polarised, but so that the poles of the 
one are at right angles to those of the other. Thus, according to • 
the illustration (Jig* 201.), a* and would be white in one, and 
block in the other ; while h' and cf would be blaqk in the formex, 
and white in the latter.* ' 

336. When rays of light intersect each othei under certain 

conditions, they are attended with the singular wffect of extin*- 
guishing each other and producing darkness. This phenomenon 
is called the interference of light* \ 

337. When a ray of light passes at the edge of opaque body 
it is bent out of its course, either inwards or oiftwar^. This 
phenomenon is called infection or diffraction,* ^ 

338. Structure of the eye, — In the human race 4he organ of 
vision consists of two hollow spheres, eaeh about an inch in dia- 
meter, filled with certain transparent liquids, and deposited in 
cavities of suitable magnitude and form in the upper part of tlto 
front of the skull, on each side of the nose. These cavities are 
lined with soft matter, serving as a cushion for the protection of 
the eyeballs, which can move freely in them, the surface Jt^eiiig 
lubricated by fluids secreted in surrounding glands. The ^organs 
are farther protected from external injury by the projecthm bones 
of the fordiea4 above, forming the brows»‘the bones of ^ tern- 

* See Hendbook Optica** eiuip* vllL to xL 
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plea on the outside, those of the cheeks below, and those of the 
nose on the inside. 

The form of the eyeball is nearly spherical, and the transparent 
liquids called liumawr^^ which fill its internal cavities, are inclosed' 
in a triple membranous envelope. 

The external coat, called the $el€raHca^ upon which the maintenance of the 
form of the eye chiefly depends, is a strong, opaqne, tough structure, com- 
posed of bundles of strong white fibres, interlacing each other in all directions. 
This membrane covers about four fifths of the external surface of the eyeball, 
leaving, however, two circular openings; a large one in front, which is 
covered by a transparent convex piece of nearly uniform thickness, called the 
eomeo, and a smaller one behind, which is the embouchure of the nerve called 
the cpiic nervCf which, proceeding backwards and upwards, and, passing 
through foramina in the bones of the slmll, terminates in the brain. It is by 
this nerve that the impressions made by external objects on the organ of 
vision are transmitted to the brain; 

The cornea is closely united at its edge with the corresponding edge of the 
circular opening in the sclerotica. It projects outwards in .front of the eye, 
rendering that axis of the eye which passes through its centre a little longer 
i 4 han the diameter, which is at right angles to it. The cornea being of nearly 
uniform thickness, the concavity of its inner surface corresponds with the 
convexity of its outer, and gives the whole the character and form of a watch- 
glass, or a concavo-convex lens, whose surfaces have equal radii. 

339* Optic axis , — In looking at an open eye, that part of the 
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aolerotica which is uncovered is what is popularly called the white 
of the eye, and the cornea covers the coloured part. 

A front view of the eyes and surrounding parts is shown in fy, aoa., a 
section of them, made by a horisontal plane through the line a b passing 
through the centre of the front of the eyeballs, being shown in fy, 203, 

The sclerotica is Aown at o i>F x, and the cornea at d o f. 

A line m t, drawn through the centre of the cornea and the centre of the 
eyeball is called the qpfte om, and the embouchure ox of the optic nerveliea 
at the distance of about the tenth of an inch from this axis^ between it and 
the nose. The optic nerves b, therefore, issuing from the two eyeballs at the 
comers, beside and behind the noae, proceed in a converging direction to the 
brain, as shown injfy, 103. 

340. The manner in which the globe of the eye is connected with the 
Inainby the opUc nerve, is shown In^. 20^ where a is the eyeball, the end 
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Fig. 103. 


of tho optic nenra entering its posterior part, and receding backwards fh>m 
thence to the brain. The other nerves here represented as terminating in the 
ejeball are those which govern the motion of the several muscles which 



Fig. 204. 

direct the movements of the eye. Within the sclerotica, and in contact with 
it^iathe second coat, called the ehortndvt (Jig, ao3.Xwhl^ is a dark-coloured 
vascular membrane, having openings before and behind corresponding with 
the cornea and optic nerve^ exactly to those of the sclerotica. 

34s. Within thie choroid is the third membranous coating (Jig, ^3.), 
call^ the rsfma, which is, in fact, the continuation of the fibres of the optic 
nerve qnceading over the chief pait of the internal surface of the ejrebalL 
The retina is a daUcate^ pvlpy, and perfectly transparent membrane. It is 


OPTICS. 


ISO 

spread over all the posterior and lateral parts of the surface, terminating near 
the margin of the firontal opening covert by the cornea already described.* 

Am the frontal opening of the ^erotica is closed by the cornea, that of the 
choroid which corresponds with it in position is closed by a transparent 
double convex lens, called the cryataUine Una^ the axis of which coincides 
exactly with the optic axis, and which is consequently concentric with the 
cornea. It is set in the frontal opening of the choroid by means of a series of 
converging folds of that membrane, which are called the cUiary proceaaes. 
The annular surface formed by these processes, and the crystallihe lens which 
they surround and support, form the posterior side of a compartment in the 
front of the eyeball, separated completely from the larger compartment 
behind the crystalline lens. 

342. The external or anterior surface of the iris is coloured blue, black, or 
hazel, ditferently in different eyes, and Is the part which, seen through the 
transparent cornea, gives the characteristic colour to the eye. 

The circular opening surrounded by the Iris is called the pupils and is the 
space through which the light, received through the cornea, is transmitted 
to the crystalline lens. By this means a pencil of rays is admitted to the 
crystalline whose external limits are determined by the edges of the iris. 

The posterior surface of the iris is covered by a black pigfncnt, contained 
in a thin transparent membrane, called the uvea. 

When seen from the front, the pupil appears as a black circular spot p 
aoz.), surrounded by the coloured ring of the iris, because every part 
of the Interior of the eye which could be visible through it is coloured black. 

343. The aqueous humour fills the space between the cornea 
and crystalline, and the vitreous humour fills the cavity between 
the crystalline and the retina. 

344. Some of the accessories provided for the protection and 
preservation of the organ of vision have been already noticed.- 
The eyebrows across the edge of the projecting part of the fore- 
head catch the sweat descending from above, and prevent it from 
falling on the eyes, and aid in shading the eyes from too intense 
light from above. The eyelids are movable screens, made so as to 
cover the eye or leave it exposed, as occasion may require. Glands 
are provided, by wliich all the parts which move in contact one 
with another arc kept constantly lubricated. 

343. The convex forms of the cornea and crystalline give to 
the humours of the eye the property of a convex lens, and accord- 
ingly they form an optical image of any object placed before the 
eye ; and in eyes which arc not defective this image is formed on 
the posterior part of the retina, its centre coinciding with the point 
where the optic axis meets that membrane. Liike the image pro- 
duced by a lens it is inverted. 

346. That this phenomenon is actually produced in the interior 
of the eye may be rendered experimentally manifest by taking the 
eyeball of an ox recently killed, and dissecting the posterior part, 
BO* as to lay bare the choroid. If the eye thus prepared be fixed 
in an aperture in a screen 205.), and a candle be placed before 
it at a distance of eighteen or twentj inches, an inverted image 
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of the candle will be seen through the ch6roid, as if it were pro* 
duced upon ground glass or oiled paper. 
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347* The most frequent defects incidental to vision arc those 
which are denominated weak sight and short sight. 

348. The cause of weak eight is the insufficiency of the refractive power of 
the eye, so that, instead of producing the image of visible objects upon the 
retina, that image would be formed at a greater or less distance behind the 
retina, the consequence of which is, that instead of a distinct image, a spot 
more or less confused is formed on the retina, just as would be the case if a 
screen were held behind a convex lens at a point nearer to it than its focus. 

349. Short eighty on the contrary, arises iVom the humours of the eye having 
too great a refractive power, so that the image, instead of being formed on the 
retina, is formed at some point between the retina and the crystalline lens. 
Tlie result is the same as in the former case, a more or less confused image 
of the object being formed on the retina, just as would be the case if a screen 
were held behind a convex lens at a point further from it than that at which 
the distinct image is formed, 

350. The obvious remedy for weak sight is supplied by any 
expedient by which the refracting power of the eye can be in- 
creased, and this object is evidently attained by placing before the 
eye a convex lens. Such a lens, having always a tendency to in- 
crease the convergence of rays which pass through it, necessarily 
increases the convergence of all rays proceeding from external 
objects, and adds in effect to the refractive power of the eye. 

By asproper adaptation, therefore, of convex lenses, the images 
of visible objects, instead of being formed behind the retina, will 
be formed upon it. 

351. Spectacles, therefore, for weak-sighted person consist of 
a piur of convex lenses so mounted that they can be conveniently 
applied in front of the pupil of the eye, so that all objects placed 
btfore the wearer may be looked at though them. 
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352. The remedy fox^ the contrary defect of short sight is an 
cxpedieni*l>y which the convergent power of the eye may be les- 
sened, and such an expedient is supplied by concave lenses, which, 
having an effect contrary to that of convex lenses, diminish the 
convergence of rays passing through them. A pair of concave 
lenseSf therefore, properly applied before the eyes of short-sighted 
persons, will diminish the convergent power of the organ, and 
throw the images of objects back from the centre of the eye upon 
the retina. 

353. In a certain class of maladies incidental to the sight, the 
humours of the eye lose in a greater or less degree their trans- 
parency, and the crystalline humour is more especially liable to 
this. In such cases vision is sometimes recovered by means of the 
removal of the crystalline humour, the organ being thus reduced 
to two humours, the aqueous and the vitreous ; but as the eye 
owes in a greater degree to the crystalline than to Jthc other hu- 
mours the convergent power, it is necessary in this case to supply 
the place of the crystalline by a very strong convergent lens 
placed before the eye. 

354. When the eye is impressed by any visible object, the im- 
pression continues upon the retina for a certain short interval of 
time after the object has been removed. This is rendered manifest 
by the familiar experiment of whirling a lighted stick in a cirede. 
The circle appears a continued line of light. The explanation of 
this phenomenon is, that the impression produced upon the retina 
when the lighted stick is at any one point of the circle, continues 
till the stick returns to the same point ; and this being the case for 
all the parts of the circle, the eye sees as it were the stick at the 
same moment at every part of the circle, and thus the circle pre- 
sents a continued line of light. 

35$. This continuance of the impression of external objects on 
the retina, after tno light from the objects ceases to act, is also 
manifested by the fact that the continual winking of the eyes, for 
the purpose of lubricating the eyeball by the eyelid, does not 
intercept our vision. If we look at any external objects, they 
never ccuse for a moment to be visible to us, notwithstanding the 
frequent intermissions which take place in the action of light 
upon the retina, in consequence of its being thus intercepted by 
the eyelid. 

356. In the same manner, a flash of lightning appears to the eye as a con- 
tinuous line of light, because the impression produced upon the retina by tho 
light at any point of its course continues until the light passes over a certain 
number of succeeding points. 

357. Bat to produce this effoct, it is not enough that the body diange its 
jpodtion so rapidly, that the impression produced at one point of its path 
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continue oniil ita arrival at another point; it is necessary, also, that its 
motion should not be so rapid, as to make it pass firom any of the positions 
which it snccessively assumes, before it has time to impress the eye with a 
perception of it ; for it must be remembered, as has been already explained, 
that the perception of a visible object presented to the eye, though rapid, is 
not instantaneous. The object must remain present before the organ of 
vision a certain definite time, and its image nihst continue upon the retina 
during such time, before any perceptioi^ of it is obtained. Now, J|Uhe 
body move from its position before the lapse of this time, it necessarily 
follows that no perception of its presence will be obtained. If, then, we 
suppose a body moving so rapidly before the eye that it remains in no 
position long enough to produce a perception of it, such object will not 
be seen. 

358. Hence it is that the ball discharged from a cannon, passing trans- 
versely to the line of vision, is not seed ; but if the eye be placed in the 
direction in which the ball mores, so that the angular motion of the ball 
round the eye as a centrSTbe slow, notwithstanding its great velocity, it will 
be visible, because, however lapid its real motion through space, its angular 
motion with respect to the eye (and consequently that of its picture on the 
retina) will be sufiSciently alow to give the necessary time for the production 
of a perception of it. 

359. The time thus necessary to obtain the perception of a visible object 
varies with the deg^e of illumination, the colour, and the apparent magni- 
tude of the object. The more intense the illumination, the more vivid the 
colour, and the greater the apparent magnitude* the less will be the time 
necessary to produce a perception of the object. 

If, therefore, the object before the eye be not sufficiently illuminated, or be 
not of a sufficiently bright colour to impress the retina sensibly, it will then. 
Instead of appearing as a continuous line of colour, cease to ^ visible alto- 
gether ; for it does not remain in any one position long enough to produce a 
sensible effect upon the retina. 

360. If two railway trains pass each other with a certain velocity, a person 
looking out of the window of one of them will be unable to see l^e other. 
If the velocity be very moderate, and the light of the day sufficiently strong,* 
the appearance of the passing train will be that of a flash of colour formed 
by the mixture of the prevailing colours of the vehicles composing it. 

An expedient has already been described to show experimeniaUy that the 
mixture of the seven prismatic colours, in their proper proportions, produces 
white light, depending on this principle. The colours are laid upon a 
circular disc surrounding its edge, which they divide into parts proportional 
to the spaces they occupy in the spectrum. When the disc Is made to 
revolve, each colour produces, like the lighted stick, the impression of a con- 
tinuous ring, and consequently the eye is sensible of seven rings of the 
several colours superposed one upon the other, which thus produce the effect 
ef their combination, and appear as white, or a whitish grey colour, as 
already explained. 

361. Innumerable optical toys and pyrotechnic apparatus owe their efibet 
to this continuance of the impression upon the retina, when the object has 
flanged its position. 

Amusing toys, called thaumatropes, phenakistlcopes, phantaskopes, &e., 
art explained upon this prindple. A moving object, which assumes a sno- 
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ceision of different poel* 
tioDs in petfbrming any 
action, ia npreeented In 
the^eucceesive diviaione of 
the circumference of a cir- 
cle, aa in in the 

successive po^tiona-it as- 
sumes. These pictures^ by 
causing the disc to re- 
volve, are brought in rapid 
succession before an aper- 
ture, through which the 
eyu is directed, so that 
the pictures representing 
the successive attitade.s 
are brought one after an- 
cther before the eye at 
such intervals that the 
impressiOB of one sb^d re- 
main until the impression 
of the next is produced. 
Ixvthis manner the eye never ceases to see the figure, but sees it in sucii a 
succession of attitudes as it would assume if it revolved. The effect is, tlint 
the figure actually appears to pirouette before the eye. Tiie effects of Catha- 
rine wheels and rockets are explained in the same manner. 

[362, Besides that imperfection incident to the organs of sight arising from 
tho excess or deficiency of their refractive powers, tlioro is another class, 
which appear in inability to distinguish between colours. This inability to 
appreciate distinctions of colour is known os colour~blmdfte$s. Its cause is 
not certainly known, but as, on examination of the hunidiiTS both in life, 
and— as in tho cose of Dr. Dalton — after death, no modification of ordinary 
light can bo detected in passing through them, it appears certain that the 
imperfection resides in the retina. Colours differ from one another precisely 
in tho same way as do sounds of different pitch — that is, by a difference in 
tho length of Uic waves of the undulations of which they are the effect on 
the senses. If, then, the fibres of tho retina be able simply to perceive the 
undulations without distinguishing between their rates, the phenomena of 
colour-blindness will be produced. Such defects in the eye are fortunately 
rare, but not unprecedented \ indeed, ns is often the case with defects which 



can only bo noticed after comparison with the sensations of others, they are 
probably much more numerous than is commonly supposed. Some persona 
are unable to distinguish between shades of colour which appear to others 
distinct. Even this inability, dight os it is, must be considered as funda- 
mentally of tlie same nature with tho more pronounced defect of colour- 
blindness.] 

Sir David Brewster, who has curiously examined and collected together 
cases of this kind, gives the following examples of these defects : — 

A singular affection of the retina, in reference to colour, is shown in tlie 
inability of some eyes to distinguish certain colours of tho spectrum. The 
persona who experience this defect have their eyes generally in a sound state, 
and are capable pf performing all the most delicate functions of vision. 
Harris a dioemaker at AUonby, was unable firom his infancy to distingnisb 



COLOUR BLiNDjpssa— yispyypi--., 

^3' '■ 

UiecberriMof 

T«9 of hit wmequiJwaMetiToiiil^ aad lilwijo mistook 

. om«E* Ibr gnis-greeiit and hin gmsn for joltow;^ Saifis hlmaslf eonld 
only distingnisk black jmd whita^ 8ebt|» who deseribos his own east lii 

tho ** Philosophical TnnBactions,** mistook pink for a pale blnsb and a foil 
red for a foil green. ^ 

All kinds of yellows and bines, except dcy-blue. he oonld discern with 
great nicety. His father, his maternal uncle, one of his sisters^ and her two 
sons, had all the same defect. 

A tailor at Plymouth, whose case is described by Mr. Harvey, regarded 
the solar spectrum as consisting only of yellow and light blue ; and he could 
distinguish with certainty only 3’ellow, white, and green, lie regarded 

indigo and Prussian blue as black. 

Mr. R. Tucker described the colours of the spectrum as follows : — 

Red mUtaken for • • - • • - - brown. 

Orange green. 

Yellow •ometimes oning& 

Cirwn orange. 

Blue . . pink. 

Indigo . - - . _ . purple. 

Violet pu^a 

A gentleman in the prime of life, whose case I bad occasion to examine, 

saw only two colour*-! In the spectrum, viz., 3'ellow and blue. When the 
middle of the red space was absorbed by a blue glass, he saw the black space 
srith what he called the 3'ellow on each side of it. This defect in the 
perception of colour was experienced by the late Mr. Dugald Stewart, who 
could not perceive any diflference in the colour of the scarlet fouit of the 
Siberian crab, and that of Its leave.9. Dr. Dalton was unable to distinguish 
blue from pink by da^dight ; and in the solar spectrum the red was scarcely 
visible, the rest of it appearing to consist of two colours. Mr. IVoughton 
had the same defect, and was capable of full^' appreciating only blue and 
yellow colours; and when be named colours, the names of blue and 3'cilow 
corresponded to the more and less refrangible ra>*8 ; all those which belong 
to the former exciting the sensation of blueness, and those which belong to 
the latter the sensation of 3'ellowness. 

363. Ctue of Dr, Dalton. — In almost all these cases, the different pris- 
matic colours had the power of exciting the sensation of light, and giving a 
distinct vision of objects, excepting in the case of Dr. Dalton, who was said 
to be scarcely able to see the red extremity' of the spectrum. 

Dr. Dalton endeavoured to explain this peculiarity* of vision, by supposing 
that in his own case the vitreous humour was blue, and therefore absorbed a 
great portion of the red and other least refrangible ray's. 

That this opinion was erroneous, however, was proved by the post mortem 
dissection of the ey'es of that eminent person, by which It appeared that the 
vitreous humour was perfectly transparent and colourless. 

Sir John Ilcrschel, on the contrary*, suggested the above-mentioned cause 
for the defect of Dr. Dalton’s vision. 

364. When it ia said that a certain object subtends at the eye 
a certain anglci it ia meant that lines drawn from the extremities 
of such object to the centre of the eye form such angle. 

The apparent magnitude of an object must not be confounded 
with its apparent superficial magnitude^ the term being invariably 
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applied to its linear magnitude. The apparent superficial magni- 
tude varies in proportion to the square of the apparent magnitude. 
Thus, for example, when the disc a b is removed to double its 



Fig. 107. 

original distance from the eye, the apparent magnitude, or the 
angle c, is diminished one half, and consequently the diameter a h 
of the picture on the retina is also diminished one half; and since 
the diameter is diminished in the ratio of 2 to 1, the superficial 
magnitude of the image, or its area, will be diminished in the 
proportion of 4 to 1. 

365. It is clear from what has been stated also, that when the 
some object is moved from or towards the eye, its apparent mag- 
nitude varies inversely as its distance ; that is, its apparent 
•magnitude is increased in the same proportion as its distance is 
diminished, and nice vereA. 

It is easy to perceive that the objects which are seen under the same visual 
angle will have the same apparent magnitude. Thus, let a' b' X07.) be 
an object more distant than a d, and of such a magnitude that its highest 
point a' shall be in the continuation of the liue o a, and its lowest point 11 in 
the continuation of the lino on. The apparent nuignitude of a' b' will then 
be measured by the angle at c. This angle will therefore at the same time 
represent the apparent magnitude of the object a b and of the object a' b'. 
It Is evident that an eye placed at o will see every point of the object A B 
upon the corresponding points of the object a' b* ; so that if the object a b 
were opaque, and of a form similar to the object a' &', every point of the one 
would be seen upon a corresponding point of the other. In like manner, if 
an object a" d" were placed nearer the eye than a n, so that its highest 
point may lie upon the line o A, and its lowest point upon the line o b, the 
object, being similar in form to A B, would appear to be of the same magni- 
tude. Now it is evident that the magnitudes of the three objects a" b", 
A B, and a' b\ are in proportion to their respective distances from- the eye | 
a' b' is Just so much greater than a b, and a b than a" b", os c b' is greater 
than o B, and as c B is greater than o b". 

'iliua it appears that if several objects be placed before the eye in the 
same direction at difierent distances, and that the real linear magnitudes of 
these objects are in the proportion of their distances, they will have the 
same apparent magnitude. 

366. Mxamfllm of ike sua aod moon. — • A striking example of this principle 
is presented by the case of the sun and moon. These objects appear in the 
heavens equal in siae, the fiill moon being equal in apparent magnitude to 
the sun. Now it Is proved by astronomical observation that the real 
•diameter of the sun is, in round numbers, four hundred times that of the 
snoon ; but it is also proved that the distance of the sun firom the earth is 
alsok in round numbers, fbur hundred times greater than that of the moon. 
The distance, therefore, of these two objects being in the same proportion aa 
their real diameter, their visual or apparent magnitudes are equid. 
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367. Optical instruments contrived to increase the powers of 
the natural vision may be resolved into two classes; the first 
being those which enable us to see objects which, though near, 
are too minute to be distinctly seen with the naked eye ; and the 
second, those which enable us to see objects which, though of suf- 
ficient magnitude, are too remote to be distinctly visible. The 
former arc called microscopes^ and the latter telescopes. 

368. Since the visual or apparent magnitude of an object is the 

angle which it subtends at the eye, and since, by bringing an 
object, however minute it may be, closer and closer to tlie eye, 
this visual angle may be indefinitely augmented, it might appear, 
since the visual magnitude of a minute object may thus be inde- 
finitely increased, that it nught be rendered distinctly visible 
without the intervention of any optical contrivance ; and this would 
in fact be the case but for a circumstance which we shall now 
explain. • 

It has been already stated that a picture of an object placed 
before the eye is formed on the retina, and upon the distinctness 
of this picture depends the distinctness of vision ; but as the 
object approaches the eye, the conjugate focus at which its image 
is formed recedes from the crystalline, and a distinct image is 
formed on the retina, only when the distance of the object from 
the eye is such as to bring the conjugate focus there. Now it is 
found that when this distance is less than ten inches in average 
eyes, and less than five or six inches in short-sighted eyes, the 
conjugate focus would be behind the retina, and consequently the 
image of the object formed on the retina would be confused or in- 
distinct according to what has been already explained. It appears, 
therefore, that without some optical expedient to correct these 
consequences, no object placed within a very small distance of the 
•eye can be distinctly visible. 

369. To bring the image formed behind the eye forward to the 
retina, it is therefore necessary to interpose a lens which will have 
the effect of augmenting the convergent power of the eye. This 
will be more readily understood by the diagram, ^/i^. 208., where 
JB represents a section of the eye. 

Let B B represent a section of the eye, and o o' a small object placed at a 
much less distance from the eye than is compatible with distinct vision. 
According to what has been explained, it will appear that the cause of in- 
distinct vision is, in this case, that the image of 00 % produced bj* the 
humours of the eye, is formed, not as it ought to be on the retina at 1 f, but 
behind it at t f. According to what has been explained of optical images, 
the interposition of a lens, n of suitable convexity, will bring forward the 
image firom t f to i and will therefore render the perception of the object 
^distinct. 

Now, it is most important to obeerve in thia case^ that the visual magni- 
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tude of the object, measured by the angle formed by the lines o i and o' i\ 
will be exactly the same as it would be if the eye could have seen the object 
o o' without the interposition of the lens : from which it appears that the 
lens does not, as is commonly supposed, directly augment the visual magni- 
tude of the object, but only enables the eye to see the object with distinct'^ 
ness, at a less distance than it could so see it without the interposition of the 
lens. We say directly ^ because, although the lens does not au^ent the 
visual angle of the object, in the position in which it is actually viewed, yet, 
by enabling the eye to see it distinctly at a diminished distance, the visual 
angle of distinct vision, and therefore the apparent magnitude of the object. 
Is increased in exactly the same proportion as the distance at which it is 
viewed is diminished. 

To understand the magnifying effect of the lens, we must consider that 
the observer, seeing the object o o' with perfect distinctness, obtains exactly 
tho same visual perception of it, as if tho object, having the same visual 
magnitude, were placed at that distance from the eye at which his vision 
would ho most distinct. Let the lines passing through the extremities of 
tho object, therefore, he prolonged to this distance of most distinct vision, 
and let an object, o o', be supposed to be placed there, similar in all respects 
to the object oo', and having tho same visual magnitude. It will bo 
evident, fl'om what has been stated, that o o', os seen with the lens, will have 
precisely the same appearance as the object o o' would have if seen with tho 
naked eye. The observer, therefore, considers, and righily considers^ that 
the magnifying power of the lens is expressed by the number of times that 
o o' is greater than o o'; or, what is the same, by tho number of times that 
tiio distance of o o' from tho lens, that is, tho distance of most distinct 
vision, is greater than the distance of tho object from the lens. 

It follows, therefore, generally, that the magnifying power of the lens will 
be found by dividing the distance of most distinct vision (generally assumeil 
as ten inches) by the distance of the object from the lens. 

The most feeble class of magnifying glasses are those occasion- 
ally used for reading small type, by persons of very weak sight ; 
they consist of double convex lenses of live or six inches focal 
length, and having, consequently, a magnifying power no greater 
than two; they are usually mounted in tortoise-shell or horn, with 
convenient handles. 

370. ]Magnilier8 of somewhat shorter focal length and less 
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diameter, similorlj mounted, oi'e used by miniature-painters and 
engravers. 

Lenses liaving a focal length of about one inch, set in a horn 
cell, enlarged at one end like the wide end of a 

m trumpet, the magnitude being made to C'.^rre- 
spond with the socket of the eye, as represented 
in Jig, 209., arc used by watchmakers. The 
wide end, being inserted under the eyebrow, is 
held in its position by the contraction of the 
muscles surrounding the eyeball, and the minute 
work to be examined, is held within an inch of 
109. smaller end of the horn case : 


if the focal length be an ii.eh, the magnifying power of such a 

glass, for average eyes. 



will be ten. 

Glasses somewhat si- 
milarly mounted arc 
used by jewellers, gem- 
sculptors, and other ar- 
tists. 

37 1. When stillbigh- 
cr magnifying powers 
are required, the in- 
strument takes the 
name of a microscope. 

Microscopes are of 
two kinds, simple and 
compound. 

In the simple micro- 
scope, the object under 
examination is viewed 
directly, either by a 
simple or compound 
converging lens. 

In the compound mi- . 
croscopc, an optical im- 
age of the object, pro- 
duced upon an enlarged 
scale, is thus viewed. 

372. Simple micros 
scopes are variously 
mounted with conve- 
nient appendages for 
supporting the object 
and adjusting its db- 


tance from the lens. 


Fig &IO. 
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tteftnis of this inBtninieot is shown in 210.9 when the lens 
to MMed in 2 aodcet c made to fit it ; the screen b protects the eye the 

tom Iqr lAddk the oliject is illnminated ; an arm e is jointed at ^ so that it 
I^D^tmmedLflat agahist 09 whentheinstmment is notin nse, and can be in« 
dttfiad to /b at any desired angle. This arm being ronndi9 a sliding tnbe/is 
l^to o ed Him It9 fixed to another tnbe at right angles to Ity in which a vertical 
rod ididis» to the npper end of which is attached a forceps h or any other con-> 
wilent anpport of the object under examination. 

Severail magnifiers of yarions powers may be proyided, any of which 
may be inserted at pleasure in the socket c, 

373. Another arrangement in which the object supported on a 
fitage^an be raised and loweredt so as to be brought near to or 
farther from the 10089 and by which it can be illuminated by a re- 
flector My is shown in^ 21 1. 
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The principle of the compound intcrosco/ie9 as most com- 
monly used, is illustrated in^g. 212. 

o is the object* L i- the convex lens, called the object fees, by which the 
magnified imago o o is formed, and vn the magnifier by which this object 
o o is viewed. According to what has been explained, the apparent magni- 
tude of the minute object o o, when seen through the lens x e» will be o o'. 

375. The telescope is an instrument by means of which an 
objMt is view^ distinctly which cannot be so viewed by the 
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naked eje« by reason of its distance. The term is derived from 
two Greek words, ri|Xc (t414), ai a disicmee^ and fficoirfiu, I view* 

Its principle is identical with that of the compound microscope. 
An optical image of the object to be viewed is produced by means 
of a concave reflector, or a converging lens ; and this image is 
then submitted to observation with a miscroscope composed of one 
or more converging lenses. 

Telescopes consist, therefore, of two classes. Reflectors and 
Refractors ; the image being produced in the former class by 
concave reflectors, and in the latter by convex lenses. 

376. In the reflecting telescope, a large concave metallic re* 
fleeter is presented towards the object, an optical image of which 
is produced in its focus, and this image is viewed with a magnify* 
ing lens, as has been already expluned in the compound micro* 
scope. 

377. A form of reflecting telescope, called the Oregorian^ h 
shown in section in Jig, 213. 



A B is the great concave reflector, m n the image formed by it, c d a small 
‘ concave reflector, which reflects the rays proceeding from m n to a convex 

A ^ 
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tens S9 by which an enlarged image m n is fonned* This image la viewed 
with a magnifier f. 

378. In the Newtonian reflecting telescope, the rays reflected 
from the great reflector ab (^. 214.) are received upon the 
oblique plane reflector c j>, and the image is formed in the side of 
the tube at unf and viewed with a magnifier js. 

379. Beflecting telescopes on a very large scale have been 
constructed by the late Sir \V. Herschel and the present Lord 
Bosse. The largest of the instruments constructed by Sir W. 
Herschel was 39 ft. 4 in. in length, and 4 ft. 4 in. in diameter. 

The total length of the telescope tube is 39 feet 4 inches, and its clear 
diameter 4 feet 10 inches. It Is constructed entirely of iron. The great 
speculum is placed in the lower end of the tube, the apparatus for adjusting 
It being protected by the wooden structure which appears In the figure, 
'nio diameter of the speculum is 4 feet, and the magnitude of its reflecting 
surface is consequently 12*566 square feet. It contains X050 lbs. of metal. 

A view of Herschers great telescope with the apparatus for elevating it is 
given in/y. 2x5. 

380. The Earl of Bosse has constructed several telescopes, the 
largest of which has a length of 53 ft. and a diameter of 6 ft. 
This instrument, with the apparatus for elevating it, is shown in 

2i6. 

381. Mr. Lassell, of Liverpool, and Mr. Nasmyth, have also 
constructed reflecting telescopes on a large scale. 

382. In refracting telescopes, the image of the distant object is 
formed by a large convex lens, and it is viewed by a magnifying 
lens called the eye glass. 

383. Befracting telescopes are of two kinds, in one of which 
the eye glass is concave, and the object is seen in its natural 
position ; in the other the eye gloss is convex, and the object is 
seen inverted. 

384. The former is called from its inventor OalUean^ and is 
familiar to every one, the common opera glass being an example 
of it on a small scale. 

The principle of ibis telescope is illustrated in fy, 2x7., where the image 
* of a distant object m n is produced at m w, in the focus of a double convex 
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lens A B, called the object glass ; but the rays before forming the image are 
received on the double concave eye glass o d : the observer sees the image 
distinctly as it would appear at a distance equal to the focal length of the 
eyeglass. 
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58;. The other form of the refracting telescopet called the 
<i 9 tronomtcal telescope^ is illustrated in^. 218. 

The image of a distant object M K is produced at m n by the object .^lass 
A B, and viewed through a convex lens c d, called the eye glass* the 
distance of the latter from the image being its focal length. The effect of 
c D on tlie image is explained in the same manner as that of a common 
magnifying glass. 
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386. The innglc lantern is an optical instrument adapted for 
magnifying pictures, painted on glass in transparent colours, by 
means of magnifying lenses. 

When a picture, or other object, is placed in front of a convex lens, at a 
distance from it* somewhat greater than its focal length, such picture or 
object will be reproduced upon a screen, placed at a certain distance behind 
the lens, that distance being greater, the nearer the picture in front of the 
lens is to its principal focus. This is the principle upon which the magic 
lantern is constructed. 

387. It varies in form and arrangement, according to its price and the cir- 
cumstances under which it is used, but in general consists of a dark lantern, 
riy. 219., within which a strong lamp T. is placed, having a chimney bent at 



the top, to allow the smoke and heated air to escape, while the light is 
intercepted. 

In front of the lamp, and on a level with its flame, a tube is inserted, in 
which a large convex lens a is fixed, by means of which the light of the 
lamp is condensed upon the picture placed opposite the lens a, by sliding it 
through a groove, c B. From this mode of fixing the picture, the latter has 
generally been called a slider.** In the tube thus projecting from the 
lantem, another tube is fitted sliding in it, as one tube of an opera glass 
slides in the other. At the end of this second tube a convex lens b is set, 
and the tube is so adjusted that the distance of b from the picture shall be a 
little greater than the focal length of the lens n. A large screen f, made 
of white canvas, which may be^mneh improved by covering it with paper, is 
then placed at a distance from b, and at right angles to the axis of the ^ns. 
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By properly adjusting the tube b, and ibe distance of the screen f, the pic» 
ture upon the slider in c d will be reproduced at b upon the screen, on an 
enlarged scale. 

3S8. There are two wa3'8 of exhibiting the pictures on a screen : in one, 
the lantern is placed in front of the screen ; in that case the picture is seen 
by the light reflected from the screen, after having been projected upon it by 
the lantern. 

Care should, therefore, be taken that no light shall penetrate through the 
screen, since all such light would be lost, and the picture on the screen 
would bo proportionally more faint. A screen composed of muslin, or any 
other textile fabric, would in such case be defective, inasmuch as more or 
less of the light would penetrate it. Tlie best sort of screen is one made of 
strong white paper, pasted on canvas, and stretched 011 a frame, as canvas is 
for a picture. 

When tlio magic lantern is used for purposes of amusement, rather than 
those of instruction, it is generally found desirable to use a semi-transparent 
screen, the Iniitern being mounted on one side of the screen, and the 
spectators ]) 1 nced on the other, os shown inyfy. xao. In this case, the screen 



Fig. xto. 

should be made of white muslin or fine calico, stretched upon a frame, its 
tronsparancy being increased by wetting it well with water. In some cases 
the muslin is prepared with wax or oil, which may be convenient to save the 
trouble of .wetting it, but which in other respects docs not answer the 
purpose better. 

389^ 2>isscdvjfiy mva. — Interesting and amusing effects are produced by 
placing two lanterns equal power, so as to throw pictures of precisely 
equal magnitude on the same part of the same screen. A sliding cover is 
nlaced In flront of the noasle of each of the lanterns, and these are moved 
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^nmltaneousl/ in such a manner* that when the noxzle of one lantern is 
completely opened* that of the other is completely closed* so that* according 
4U the former is gi^uolly closed* the latter is gradually opened. 

To illustrate this class of effects* which always create on agreeable surprise, 
let ns suppose that two sliders are placed in the lanterns* one representing a 
landscape by day* and the other representing preciael}* the same landscape 
by night* and let the nozzle of that which contains the day landscape be 
opened* the other being closed : the picture on the screen will then represent 
the day landscape. If the covers of the nozzles be now slowly moved* so that 
that of the lantern which shows the day landscape shall be gradually closed, 
and that of the other shall be gradually opened* the effect on the screen will 
he that the daylight will grailually decline, the view assuming, by slow de- 
grees* the appearance of approaching nigliL This gradual change will go on* 
until the nozzle of the lantern containing the day picture has been completely 
closed, and that containing the night picture completely opened* wlien the 
change from day to night will be accomplished* the picture on the screen 
being then a night landscape. 

The optical effect produced by two lanterns working together* called 
dissolving views, wtth which the public has been rendered familiar at several 
of the public institutions in London* depends on the alternate opening and 
closing of the nozzles of two lanterns* in the manner here dcsctibeil. The 
mistiness and confusion which is exhibited in the gradual disappearance of 
the one view* and the gradual appearance of the other* arises from t!ic 
circumstance of the nozzles of both lanterns being partially open at the 
same moment* so that both views* faintly illuminated* are projected upon tlio 
screen at the same time. The mixture of tlieir outline and colours produces 
the mistiness and confusion* with which all spectators of such exhibitions 
ore familiar. According as the nozzle of the lantern* which contains the 
disappearing view, is more and more closed* and that which contains the 
appearing view more and more open* the latter becomes more and more dis- 
tinct* and becomes perlt ctly so, when the one lantern is completely closed* 
and the other is completely opened. 

390. The solar microscope diiTcrs but little from tlie magic lan- 
tern; the plctur«>s exhibited by it arc those of minute objects, and 
consequently the lenses which form the image must be adapted 
to produce much larger images than in the magic lantern. The 
light by which the objects are illuminated is that of the sun, the 
rays of which are collected on the object by means of convex lenses 
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The effect is illostrated ia Jig. atai., where the solar rays receiTed on the 
convex lens c c, are condensed upon the object o o, set in the slider s s. 


391. 


Tlie camera ohscura is an instrument by which an optical 
picture of distant objects is formed,, 
by means of a convex lens combined 
with a plane rcilcctor. 

The principle of the instrument in one 
of its forms is illustrated iwjig. aaa., where 
A B is a plane reflector reflecting the rays 
downwards to the convex lens lb, by 
which an image is formed upon a table, 
where it can bo traced by a draughtsman. 

392. Other methods of mounting 
this instrument are shown in Jigs. 
223, 224. 

In the former case the picture is 
formed upon a semi-tfansparent plate 
of glass. 

393. The camera lucida is an in- 

I'ig. izi. strumeiit by which a sonieivhat si- 

milar eifect is produced, ami which answers nearly the same 
purpose. 




Fig. 


The rays firom a distant object a b (^Jig. 225.), are received upon an oblique 
reflector m by which they are reflected to the eye at s', ao that the eye 
sees a picture of the object A b projected downwards. A part of the 
reflector st m' is transparent, and through it the observer sees the paper p r. 
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Fig.tl6. 



Two oblong flips of looking-glass, a a c o and a a 6 n ( Jig. 126.), are 
placed edge to edge at a a inclined to each other at an angle of 60P. Thus 
placed, they are fixed in a tube of tin or brass of corresponding size^ an end 
view of which is shown in Jtg. 227., where the circle Aon represents the 
tube, and A n and a o the edges of the plates of glass. One end of the tube 
is covered by two discs of glass^ between which broken pieces of coloured 
glass or other transparent coloured objects are placed loosely, so that they 
can fall from side to side, and take an infinite variety of casual arrangements. 
The external disc is ground glass, to prevent the view of external objects 
disturbing the effect The other end of the tube is covered by a diaphragm, 
with a small e3'e beds in its centre, through which the observer looks at the 
coJiWed objects contained in the cell at the other end. He not only sees 
these objects, hut also their refiection in each of the inclined glasses; and 
when the angle of inclination is the object will be seen five times 
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repeated* in positions regularly disposed round the line fbrmed by the edges 
at which the glasses touch each other. 

The angular space, b A c, included between the glasses, and every object 
within It, will be seen reflected in each glaas. Thus bag will be seen«in 
the glass b A, as if it were repeated in the space b a and in the glass A c, 
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as if it were repeated in the space c A c". But this is not all. The reflection 
B A o' becomes an object before the glass a c, and being reflected by it, is 
reproduced in the space c" a c"", and the reflection c a c" being reflected b}** 
the glass A 0, is reproduced in the space a c"'. Thus, besides the view of 
the objects themselves which are between the glasses, and which would be 
seen if there were no reflection, the observer will see the four reflections, two, 
c A and d* a g"", to the right, and two* bag' and d a d*\ to tlie left. 

But the reflection d a o'" Is again reflected by the glass a g, and is seen 
in the space g”' a c"", and at the same time the reflection cf* A d*'* is 
reflected in the glass A b, and is also reproduced in the same space c"' A c"". 
'Xliua it appears that this space d’* a d"* receives the reflection of both 
glasses. 

'I'he observer, looking through the eye hole of the kaleidoscope, secs a 
circle whoso apparent diameter, c C"', is twice A g, the breadth of the 
reflector. This circle is divided into six angular spaces, two of which are 
the first reflections, and other two the second reflections of the inclined 
glasses. The other two consist of the actual space included between the 
glasses, and a similar space opposite to it which receives at once the third 
reflection of both glasses. 

Since looking glasses never reflect dU the light incident upon them, these 
reflections will not be as vivid as the direct view of the space B c ; nor 
will they, compared one with another, be equally vivid. The reflections B o* 
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and c will be Iom vivid than the object b c, but more so than tbe second 
reflections c"' and o'' o"". The third reflection o'" c"" would be less vivid 
than the second o' O’" and c" c"", if it proceeded only from one glass, as do 
the latter. But it must be remembered that being the combined reflection 
of both glasses, the loss of brightness by the multiplied reflections of each; 
glass is to some extent compensated. 

These toys are often made with three mirrors instead of two, which greatly 
increases the beauty and complexity of the compound image. The principle^ 
is precisdy the same. 


395* If an object, such as a small bust, be placed within one 
or two feet of an observer, it will appear to the two eyes under- 
different aspects, the right eye will see more of its right side than 
the left, and the left eye will see more of its left side than the 
right eye. Two such views of the same object are shown in 
228. Now it is found that if by any means two such pictures- 
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as these can be put before tho eyes, so that the one shall be 
seen before the right eye only, while the other is seen by the left 
eye only, the impression produced will be that of the solid body 
itself. In short, so strong an impression of relief will be produced, 
as to constitute a complete optical illusion. This is, in general 
terms, the principle upon which the instrument called the stereo^ 
with which every one is familiar, is constructed. Two such 
pictures as here described are placed in the instrument, and they 
are viewed through lenses which arc so adapted, that the rays pro- 
ceeding from them enter the eye os they would do, if they had 
actually proceeded from the single solid object represented by the 
pictures. 


CHAP. xin. 

HEAT. 

396. Hbat, like all other physical agents, is manifested and- 
measured by its effects, onq. of the most familiar of which is tbe^ 
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aenie of more or less warmth which a body, when it receives or 
loses heat, produces upon our organs. When the heat received or 
lost by a. body is attended with this sense of increased or dimi- 
nished warmth, it is called sensible heat, 

397. But it will occur in certmn cases that a body may receive 
a very large accession of heat without any increased sense of 
Warmth being produced by it, tad may, on the other hand, lose a 
considerable quantity of heat without exciting any diminished 
sense of warmth. The heat which a body would thus receive or 
lose without affecting the senses, is called latent heat, 

398. When a body receives or loses heat, it generally suffers a 
change in its dimensions, the increase of heat being usually at- 
tended with an increase, and the diminution of heat with a dimi- 
nution of volume. This enlargement of volume due to the 
accession of heat is called dilatation^ and the diminution of volume 
attending the Joss of heat is called contraction. There are, how- 
ever, certain exceptional cases in which heat, whether received or 
lost, is attended with no change of volume, and others in which 
changes take place the reverse of those just mentioned ; that is to 
say, where an accession of heat is accompanied by a diminution, 
and a loss of heat with an increase of volume. 

399. If heat be imparted in sufHcient quantity to a solid body, 
it will pass into the liquid state. Thus, ice or lead, being solid, 
will become liquid by receiving a sufHcient accession of heat. 
This cliangc is called fusion or liquefaction. If heat be abstracted 
in sufficient quantity from a body in the liquid state, it will pass 
into the solid state. Thus, water or molten lead losing heat in 
sufficient quantity will become solid. This change is called con^ 
gelation or solidification; the former term being applied to sub- 
stances which are usually liquid, and the latter to tho«e that arc 
usually solid. 

400. If heat be imparted in sufficient quantity to a body in the 
liquid state, it will pass into the state of vapour. Thus, water 
being heated sufficiently will pass into the form of steam. This 
change is called vaporisation. If a body in the state of vapour 
lose heat in sufficient quantity, it will pass into the liquid state. 
Thus, if a certain quantity of heat be abstracted from steam, it 
will become water. This change is called condensation ; because,, 
in passing from the vaporous to the liquid state, the body always 
undergoes a very considerable diminution of volume, and therefore- 
becomes condensed. 

401. Heat, when imparted to bodies in a certain quantity, will 
in some cases render them luminous. Thus, if metal be heated to 
a certain degree, it will become red hxd ; a term signifying merely 
that it emits red light. This lummous state, which is consequent 
on the accession of heat, is called incandescence. 
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The more intense the heat is which is imparted to an incan- 
•descent body, the more white will be the light which it emits. 
When it first becomes luminous, it emits a dusky red light. The 
redness becomes brighter as the heat is augmented, until at 
iength, when the heat becomes extremely intense, it emits a white 
iight resembling solar light. A bar of iron snbmitted to the action 
of a furnace will exhibit a succession of phenomena illustrative of 
this. 

402. Certain bodies, when surrounded by atmospheric air, being 
licated to a certain degree, will enter into chemical combination 
with the oxygen gas which forms one of the constituents of the 
atmosphere. This combination will be attended with a large de- 
velopment of heat, which is accompanied usually by incandescence 
iind flame. This phenomenon is called comhvstUm^ and the bodies 
which are susceptible of this effect are called comhustihlee. The 
damei which is one of the effects of combustion, is^usually a solid 
in minute division, rendered incandescent by heat. 

403. The degree of sensible heat by which a body is affected, is 
called its temperature^ and the instruments by which the tempera- 
•ture of bodies is indicated and measured are called thermometers 
and pyrometers ; the latter term being applied to those which are 
4idaptcd to the measurement of the higher order of temperatures. 

Changes of temperature are indicated and measured by the 
change of volume which they produce upon bodies very susceptible 
of dilatation. Such bodies arc called ‘^Aermosco/i/c bodies. The 
principal of these arc, for thermometers, mercury, alcohol, and 
air ; and, for pyrometers, the metals, and especially those which 
are most dilHcult of fusion. 

404. When iicat is communicated to any part of a body, the 
tciiipcraturc of that part is momentarily raised above the general 
temperature of the body. This excessive heat, however, is gra- 
•dually transmitted from particle to particle throughout the entire 
volume, until it becomes uniformly diffused, and the temperature 
of the body becomes equalised. This quality, in virtue of which 
beat is transmitted from particle to particle throughout the volume 
of a body, is called conductihility. 

Bodies have the quality of conductibility in different degrees ; 
tliose being called good conductors in which any inequality of 
temperature is (piickly equalised, the excess of heat being trans- 
mitted with great premptitude and facility from particle to particle. 
Tliose in which it passes more slowly and imperfectly through the 
dimensions of a body, and in which, therefore, the equilibrium of 
•temperature is more slowly established, arc called imperfect con- 
ductors. Bodies in which the excess of heat fails to be transmitted 
from particle to particle before it has been dissipated in other 
ways, ore called non-conductors. 
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The metals in general are good conductors, but different metals 
have different degrees of conductilnlitj. The earths and woods 
are bad conductors, and soft, porous, and spongy substances still 
worse.. 

[405*. Fluid non-conductors are soon equally heated throughout 
if the heat be applied-at or near the bottom of the space wherein 
they are confined. The process by which this distribution of heat 
is brought about is called convection. That part of the fiuid which 
is next the source of heat is warmed and expands, thereby becoming 
specifically lighter than the surrounding parts. It therefore rises, 
and cooler fluid supplies its place. Thus a circulation is kept up 
which soon brings the whole to a uniform temperature. That 
conduction has nothing to do with the transmission of heat in these 
cases, may be shown by heating the same mass of fluid at the top. 
Convection then cannot come into play, and none of the heat, or 
at all events a very small part of it indeed, passes dowmwards into 
the fluid below.] ^ 

405. Heat is propagated from bodies which contain it by radia- 
tion in the same manner, and according to nearly the same rules, 
as those which govern the radiation of light. Thus, it proceeds in 
straight lines from the points whence it emanates, diverging in 
every direction, these lines being called thermal raye>^ 

• 406. Certain bodies are pervious to the rays of heat, just as 
glass and other transparent media arc pervious to the rays of 
light. They are called dicdliermanous bodies. Thus atmospheric 
air and gaseous bodies in general are diathermanous. 

The rays of heat are reflected and refracted according to the 
same laws as those of light. They arc collected into foci by 
spherical mirrors and lenses, they arc polarised both by reflection 
and refraction, and are subject to all the phenomena of double 
refraction by certain crystals in a manner analogous to that which 
takes place in relation to the rays of light. 

Bodies are diathermanous in different degrees. Imperfectly 
diathermanous bodies transmit some of the rays of heat which im- 
pinge on them, and absorb others; the portions which they absorb 
raising their temperature, but those which they transmit not 
affecting their temperature. 

407. The surfaces of bodies reflect heat in different degrees ; 
those rays which they do not reflect they absorb. The degrees of 
transmission, absorption, and reflection vary with the nature of 
the body and the state of its surface with respect to smoothness, 
roughness, or colour. 

408. Rays of heat, like those of light, are differently re- 
frangible. 
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409. The term heat is used in different senses first, to express 
the sensation produced when we touch a heated body or are sur- 
rounded by a hot medium ; secondly, to express the quality of the 
body by which this sensation is produced ; and, thirdly, to express 
the physical agent, whatever it be, to which the quality of the body 
is due. Notwithstanding these different senses of the same term, 
no confusion or obscurity arises in its use, the particular sense in 
which it is applied being generally evident by the context ; never- 
theless it is to be desired that writers on physics could agree 
upon a nomenclature /nore definite. The term caloric has been 
proposed, and to some extent adopted, to express the physical 
agent to which the effects of heat are due. 

410. Of all the various effects of heat, those which are best 
adapted to indicate and measure temperature ore dilatation and 
contraction. The same body always has the Same volume at the 
same temperature, and always suffers the same change of volume 
with the same change of temperature. 

Since the volume and change of volume admit of the most exact 
measurement and of the most precise numerical expression, they 
become the means of submitting the degrees of warmth and cold, 
or, which is the same, the degrees of temperature, to arithmetical 
measure and expression. 

41 1 . Although all bodies whatever are susceptible of dilatation 
and contraction by change of temperature, they are not equally 
convenient for thernioscopic agents. For reasons which will be- 
come apparent hereafter, the most available thermoscopic sub- 
stance for general purposes is mercury. 

412. The mercurial thermometer consists of a capillary tube 
of glass, at one end of which a thin spherical or cylindrical bulb 
is blown, the bulb and a part of the tube being filled with mer- 
cury. 

When BucU an instrument is exposed to an increase of temperature, the 
glass and mercury u-ill both expand ; but the mercury expands 20 times 
more than the glass, and therefore tlie mercury must rise in the tube, not 
having room in tlio bulb for its increased volume. 

The space through which the mercuij' will rise in the tube by a given in- 
crease of temperature will be greater or less according to the proportion 
which the tube bears to the capacity of the bulb. Tlie smaller the propor- 
tion the tube bears to the capacity of the bulb, the greater will be the 
elevation of the coliiinii produced by a given increase of temperature. 

Such an instrument, withont other appendages or preparation, would 
merely indicate such changes of temperature in a given place, as would be 
sutHcient to produce visiblo changes in the elevation of the column of mercury 
sustained in the tube. To render it usefiil for the purposes of science and 
art, and in domestic economy, various precautions are necessary, which have 
for their object to render the indications of different thermometers comparable 
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with each other, and to anp^y exact numerical indications of measurement 
of the changes of temperature. 

4x3. For this purpose it is necessary, in the drst instance, that the mercury 
with which the tube is filled shall be perfectly pure and homogeneous* 

In the selection of the tube it is necessary that it be capillary, that 
is to say, a tube having an extremely small bore, and that th«> bore be 
of uniform magnitude throughout its entire 
length. The smallness of the bore is essen- 

tiol to the sensibility of the instrument, as T 

already explained ; and its uniformity is ne- | 

cessary in order that the same change of | 

volume of the mercury should correspond to I 

the same length of the column in every part ^ 

of the tube. 

The air is expdled firom the tube and bulb, >^r 
and the mercury let fall into them by the pro- w.^ 

cess shown in fig. 229., and the open end of 
the tuba is closed by melting the glass with a 
lamp and blow-jpipe, fig. 230. 

414* The freezing paint is the height 
at which the mercury stands when ex- 
posed to the temperature of melting ice, 
and the boiling point that at which it 
stands when immersed in boiling water, / 

the height of the barometer being 29*8 | 

inches. U 

The space between the freezing and 
boiling points being divided into 180 
equal ports, each part is called a degree. 

The same division is continued above 
the boiling and below the freezing 
point. 

41 5. The thcrmometric scale commences at the 32n(I degree below the freezing 
point, the commencement being o, and all degrees below this point being 
denominated minus and . 

marked — ; while those ^ — 

above it are either ex- 
pressed without a mark 
or marked . Thus 40 
degrees above o arc 

marked +40®, or mereh' K W || 

40O; while 40 degrees P' - 

below o are marked 

—40°* '• f’ig. Sfo. 

This is called /a^rett- 

ht\€s scale, and is generally used in England. In France the interval be- 
tween the freezing and boiling points is divided into 100 degrees, and the 
scale is called the Centigrade; and in the north of Europe it is dirided into 
80 degrees, and the scale is called Jleaumur^e^ 

416. The most useful form of air thermometer is the differen- 
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tiol thermometer shown in fig. 231.; where a and b are two thin 

glass bulbs eonneeted 
by a horizontal tube 
B E| which contains 
a of mercury^ 

which is moved to 
the right or the left 
according as the air 
in one or the other 
bulb is at a higher 
temperature. 

Its extreme sensi-- 
tiveness, in virtue of 
which it indicates 
changes of tempera- 
ture too minute to 
be observed by com- 
mon thermometers^ 
renders it extremely valuable as an instrument of scientific 
research. 

By this instrument, changes of temperature so minute as the 
6000th part of a degree are rendered sensible. 

417. Tlie range of the mercurial thermometer being limited by 
the boiling point of mercury, higher temperatures are measured 
by the sKpansion of solids^whose points of fusion ore at a very 
elevated part of the thcrmometric scale. The solids which are 
best adapted for this purpose are the metals. Being good con- 
ductors, these are promptly aflected by heat, and their indications 
are immediate, constant, and regular. 

Instruments adapted for the indication and measurement of this 
high range of temperature are called pyrometers. 

The instrument represented in flg. 23a. is ono of the most simple forms of 
pyrometer. 
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A rod of metal, h, ia in contaet at one end witli the ptdni of a screw g , and 
at the other with a lever ▲ near its fhlcmm. This lever is connected with 
another so as to form a compound system, such that any motion imparted by 
the rod to the point on the lever a in contact with it is augmented in a high 
ratio. A lamp placed under the rod k raises its temperature ; and, as it is 
resisted by the point of the screw y, its dilatation must take effSect against 
the lever A, which, acting on the second lever will move the index on the 
graduated arc ab. The ratio of this motion to that of the end of the bar 
acting on the lever being known, the quantity of dilatation may be calcu- 
lated. 

418. The force with which solid bodies dilate and contract is 
equal to that which would compress them through a space equal 
to their dilatation, and to that which would stretch them through 
a space oqual to the amount of their contraction. 

Thus, if a pillar of metal one hundred inches in height, being raised in 
temperature, is augmented in height by a quarter of an inch, the force with 
which such increase of height is produced is equal to a weight which being 
placed upon the lop of the pillar would compress it so as to diminish its height 
by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in length, be 
contracted by diminished temperature, so as to render its length a quarter of 
an inch less, the force with which this contraction takes place is equal to 
that which being applied to stretch it would cause its length to be increased 
by a quarter of an inch. 

419. In all cases where moulds are constructed for casting objects in metal 
the moulds must be made larger than the Intended magnitude of the object, 
in order to allow for its contraction in cooling. Thus the moulds for casting 
cannon balls must always be greatet than the calibre of the gun, since the 
magnitude of the mould will be that of the ball when the metal is incandes** 
cent, and therefore greater than when it is cold. 

420. Hoops surrounding water-vats, tubs, and barrels, and other vessels 
composed of staves, and the tires surrounding wheels, are pnt on in close 
contact at a high temperature, and, cooling, they contract, and bind together 
the staves or fellies with greater force than could be conveniently applied by 
any mechanical means. 

421. In all structures composed of metal, or iix which metal is used in 
combination with other materials, such as roofs, conservatories, bridges, 
railings, pipes for the conveyance of gas or water, rafters for flooring, Ac. 
oompensating expedients most be introduced, to allow the free play of the 
metallic bars in dilating and contracting with the vicissitudes of temperature, 
to which they are exposed during the diange of seasons. 

These expedients vary with the way in which the metal is applied, and 
with the character of the structure, ^pes are generally so Joined from place 
to place as to be capable of sliding one within another, by a tdescoplc Joint. 
The successive rails which compose a line of railway cannot be placed end 
to end, but space must be left between their extremities for dilatation. 

42a. Sheet lead and zinc, both of which metals are very dilatable, when 
fuid to cover rooft, where they are especially exposed to vidsiitudes of 
temperature, are liable to blister in hot weather by expansion and to crack 
in cold weather by contraction, unless expedients are adopted to obviate 
this: zinc, being much more dilatable than lead, is more liable to t h ese 
objectiona. 
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When onuonentel ftindtuie is inlaid with metal without proriding tor 
its expansion, the metal, being more dilatable than the wood, is liable^ in a 
small room, to expand and start from its seat. 

42 3. It has been ascertiuned that the dilatation of all bodies in the 
gaseous form is perfectly uniform throughout the whole extent of 
the thermometrio scale, the same increments of temperature pro* 
ducing, under the same pressure, equal increments of volume. 
But, what is still more remarkable, it has been found that all 
gases whatever, as well as all vapours raised from liquids by heat, 
are subject to exactly the same quantity of expansion by the 
same change of temperature. 

The increment of volume which any gas or vapour undergoes 
when, under the same pressure, the temperature is raised one 
degree, is the 490th part of the volume which it would have if 
reduced to the temperature of 32^. 

The expansion and contraction of air explain a multitude of 
phenomena which present themselves in the natural world, in 
domestic economy, and in the arts. 

404. In the ventilation and warming of buildings, the entire process, 
whatever expedients may be adopted, Is dependent upon this principle* 
When a fire is lighted in an open stove to warm a room, the smoke and the 
gaseous products of combustion, ascending the chimney, soon fill the fiue 
with a column of air so expanded by heat as to be lighter, bulk for bulb, 
than a similar column of atmospheric idr. Such a column, therefore, will 
have a buoyancy proportional to its relative lightness. This upward ten* 
dency constitutes the draft of the chimney; and this draft will accord- 
ingly be strong and efihetive in Just the same proportion as the column 
of air in the chimney is kept warm. When the fire is first lighted, the 
chimney being filled with cold air, there Is no draft, and, consequently, the 
flame and smoko often issue into the room. According as the column of air 
in the chimney becomes gradually warm, the draft is produced and increased. 
The draft is sometimes stimulated by holding burning fuel for some time in 
the flue, eo as to warm the lower strata of air in it. 

But the moat effectual method of stimulating the draft when the fire is 
lighted is by what is called a Mtwer, which is a sheet of iron that stops np 
the space above 'the grate bars, and prevents any air from entering the 
chimney except that which passee through the ftiel, and produces the com- 
bustion. This soon causes the column of air in the chimney to become 
heated, and a draft of considerable fbroe Is speedily produced through the fire. 

4^5. An open ehimn^* differs from a dose stovo, inasmuch as the former 
servos the double purpose of warming and ventilating the room, whereas the 
latter only warms, and can scarcely be said to ventilate. In a close stove, 
no air passes through the room to the flue of the chimney, except that which 
passee through the fUel, and that is necessarily limited in quantity by the 
rate of combustion Aiaintalned In the stove. In an open flre-plaosb on the 
other hand, two Independent currents of air pass Into the flue : one is that 
which pasaes tbrongh the fhel and mrintains tibe combustion, and the other, 
which is Ut more considerable in quantity, ie tlmt which passes through the 
opening of the flie-[^aoe above the grate. 
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The temperature of the column in the flue is due entirely to the former 
and the activity of the combustion will he determined by the relative mag- 
nitudes of the grate and the space above it ; these two magnitudes repre- 
senting the proportion in which the open stove serves the two purposes of 
warming and ventilation, the grate representing the function of warming, 
and the space above it the function of ventilating. Even w'hen there is no 
lire lighted in the grate, the column of air in the chimney is in general at a 
higher temperature than the external air, and a current will therefore in 
such case be established up the chimney, so that the flre-place will still 
server even in the absence of fire, the purposes of ventilation. In very warm 
weather, however, when the external air is at a higher temperature than the 
air within the building, the effects are reversed ; and the air in the chimney 
being cooled, and therefore heavier than the external air, a downward 
current is established, which produces in the room the odour of soot. To 
prevent this, a trap or valve is usually provided in it, which can be closed at 
pleasure, so as to intercept the current. It should be observed, however, 
that this trap should only be closed when a downward current is established ; 
since, at other times, even in the absence of fire, the ventilation of the apart- 
ment is mainAined. 

4161 In all apparatus adapted to warm buildings, the fact that warm air is 
more expanded, and therefore lighter, bulk for bulk, than cool air, requires 
to be attended to. Tt is usual to ad^mit the warm air through apertures 
placed in the lower parts of a room, because it will ascend by its buoyancy 
and mix with the colder air, whereas if it were admitted by apertures near 
the ceiling it would form strata in the upper part of the room, and would 
escape at any apertures which might be found there. But if there be means 
of escape only in the lower part of the room, then the strata of warm air let 
in above will gradually press down upon the cool air below and force it out 
through the chimney, doors, windows, or other apertures. 

In general, the air contained in an apartment collects in strata arranged 
aoeording to its temperature, the hotter air collecting near the ceiling, and 
the strata decreasing in temperature downwards. Tliermometers placed at 
different heights between the floor and the ceiling would accordingly show 
different temperatures. The difference of these temperatures is sometimes so 
considerable, that flies will continue to live in one stratum which would 
perish in another. 

If the door of an apartment be open it will be found that two currents are 
established through it, the lower current flowing inwards and the upper 
outwards. If a candle be held in the doorway near the floor, it will be found 
that the flame will be blown inwards ; but if it be raised nearly to the top 
of the doorway, the flame will be blown outwards. The warm air in this 
case flows out at the top, while the cold air flows in at the bottom. 

4x7. Although open fire-places placed in dwelling-rooms are agreeable to 
the eye, and healthful so far as they generally ensure an efficient ventilation, 
they are extremely costly, an enormoua proportion of the heat developed by 
the ftiel passing up the chimney without in any way contributing to the 
warmth of. the room. In public buildings and other places, where all the 
apartments can be warmed by a common apparatus, the object is attained 
with much greater economy. Two methods are practised; one by eurrents 
of heated air, and the other by currents of heated water. 

The method of wanning buildings by enirents of heated air will be easfly 
nnderstood by reference to Jig, 233., where n is a furnace constructed in the 
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basement of the building, over which there is a metal pipe carried, following 
a winding oonrse. The flame and heated air, passing round this pipe, raise 

the air in it to a 
high temperature. 
A current of cold 
air enters at the 
end B of the pipe 
which is outside 
the building, and 
after following the 
course of the pipe, 
issues at a into 
the apartment to 
bo heated. Mean- 
while, the smoke 
and heated air 
which has warmed 
the air-pipe es* 
1^ capes up the chim- 
ney. 

It is most im- 
portant to observe 
that in all cases 
where these ^ca- 
toTtfbrta** as they 
' ** *• are called, are used, 

some eillcient means of ventilation should be provided to play the part of 
the open fire-place. 

Tlie expansion of air by heat and its contraction by cold may be made 
manifest by a variety of simple and easily executed experiments. If a 
common drinking glass be inverted and held over the flame of a lamp or 
c;andle for aome time, it will be filled with air heated by the flame ; if it be 
then suddenly plunged with its mouth downwards in water, the water will 
be found to rise In the glass to a height above the level of the water outside 
the glass. The cause of this is; that the air which fills the glass, having 
been previously rarefied by beat and afterwards cooled, when removed from 
the lamp, is contracted so as to fill a leas space than the capacity of the glass 
which it filled when heated previous to immersion. 

This experiment may be rendered still more striking by using a glass bulb 
blown at the end of a tube, like a thermometric tube, instead of a glass. 
Let such a bulb bd held for some minutes over the flame of a spirit-lamp, 
'llie air which fills it will become highly expanded and rarefied by the heat. 
I.et the open end of the tube be then plunged in water, the bulb being pre- 
sented upwards. After some time, when the tube has cooled and the air 
within it contracted, the water will rise in the tube, and will nearly fill the 
bulb, the portion of the bulb not filled being the space within which the air 
previoudy heated bad been oontraoted by cooling. 

‘ [4x7*. Currents of heated water depend on the prindide of convection for 
their efficiency as wanning agents. The source of heat is usually a fhmaoe 
situated in the base of the buildings and a pipe rising firom the top of the 
boiler distributee the heated water thronghont the various apartments. The 
water, when cooled, descends throngh the continuation of this pipe into the 
lower part of the lMdler,aad thns a continual current of hot water is kept np 
nrovided that the whole of the pipe it constantly ftiU.] 
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428. The liquid state is one of transition between the solid and 
the vaporous states. Solids bj heat are converted into liquids, 
and liquids into vapours. 

Hm liquid state, therefore, is maintained between two limits of 
temperature ; a lower limit, at which the liquid would solidify, and 
a higher limit, at which it would vaporise. In different liquids 
these limits are separated by a greater or less range of tempera- 
ture. In some, alcohol for example, the point of solid^cation stands 
at a very low temperature on the scale; while in others, as in 
some of the oils, the point of vaporisation is placed at a very high 
limit. In others, as in mercury, these points arc widely separated, 
the vaporising point being at a very high, and the freeaing point 
at a very low temperature. 

429. It is found in general that the rate of dilatation of liquids 
is not uniform, like tbit of solids and gases, and that it not only 
increases ae^the temperature is elevated, but is subject to certain 
irregularities as it approaches the points at which the liquid would 
pass, on the one hand, into the solid, and, on the other, into the 
vaporous state. 

Water contracts until its temperature falls to 38^*8, but from that until it 
descends to the ffeesing point it expands ; and this expansion undergoes a 
great increase in the water passing from the liquid to the solid state. 

Water is, therefore, in its state of greatest density when its temperature is 
380 - 8 . 

430. It is found by experiment that when ice is in process 
of melting, it absorbs heat without suffering any increase of tem- 
perature. The quantity of heat thus absorbed, is such as would 
suffice to raise the same weight of water from 32^ to 174^-65. 
Thus it appears, that as much heat is required to melt a pound of 
ice, as would raise a pound of water about 143*’. 

In the same manner by a reverse process, water in freei;ing 
parts with as much heat as would rmse it 143**. 

This is called the latent heat of liquefaction. All other solids 
absorb heat in melting, and give it out in congealing, but the 
quantity varies. 

431. The great quantity of heat absorbed by ice when it melts, 
and given out by water when it freezes, sulwerves to the most 
important uses in the economy of nature. It is from this cause 
that the ocean, seas, and other lai-ge natural collections of water 
are most powerful agents in equalising the temperature of the 
inhabited parts of the globe. In the colder regions, every ton of 
water converted into ice gives out and diffuses in the surrounding 
region as much heat as would raise a ton of liquid water from 32** 
to 174^*65 ; and, on the other hand, when a rise of temperature 
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takes place, the thawing of the ice absorbs a like quantity of heat, 
thus, in the one case, supplying heat to the atmosphere when the 
temperature falls ; and, in the other, absorbing heat from it when 
the temperature rises. Hence we see wliy the variations in climate 
are less on the sea-coasts and on islands, than in the interior of 
large continents. 

.The temperature of the air under the line does not vary much 
-more than 4^, and that of the water varies not more than 1 

432. It may be taken as a physical law of high generality, that 
a solid cannot pass into the liquid state without absorbing and 
rendering latent a certidn quantity of heat. This heat may be, 
and often is, supplied from some other body in contact with that 
which is liquefied. But if no such external supply of heat be 
present, and if, nevertheless, any physical agency cause the lique- 
faction to take place, the body thus liquefied will actually absorb 
its own sensible heat. While it is liquefied, it will, therefore, fall 
in temperature to that extent which is necessary to supply its 
latent heat of fluidity at the expense of its sensible heat. 

To render iliia more clear, let ua imagine a pound of ice at the temperature 
of jflP to be mixed with a pound of liquid having the temperature of — 103S 
and let this liquid be supposed to have the property of dissolving the ice. 
When the liquefaction is completed, the temperature of the mixture will be 
—>103^. Now the liquid, which is here supposed to be the solvent, neither 
imparts heat to tkie ice nor abstracts heat from it. The ice, therefore, now 
liquoded, contains exactly as much heat os it contained before liquefaction, 
and no more. But, to become liquid, it was necessary that 142^*65 of heat 
should be absorbed by it, and become latent in it. This 142^*65 has there- 
fore been transferred from the sensible to the latent state in the ice itself. 

This principle has been applied extensively in scientific researches and in 
the arts for the production of artificial cold, the compounds thus made being 
called yrsesriap mixiur^t. 

The substances which may be used to produce freeaing mixtures on this 
principle are very various. 

If equal weights of snow and common salt at 32^ be mixed, they will 
Uquety, and the temperature will fall to— 9^. If two pounds of muriate of 
lime and one pound of snow be separately reduced to — 9^ in this liquid and 
then mixotl, tliey will liquefy, and the temperature will fall to *-74°. 

If four pounds of snow aiui five pounds of sulphuric acid be reduced 
separately to —74^ in this last mixture and then mixed, they will liquefy* 
and the temperature will fall to — 9QP. 

433. Of all liquids, that of which the vaporisation is of the 
greatest physical importance, and consequently that which has 
been the subject of the most extensive system of observations, is 
water. 

* It is found that, in all cases, water passing into the vaporous state 
undergoes an enormous enlargement of volume, and that this enlargement 
increases as the temperature at which the evaporation takes place is 
idiminlshed. Thus, if the temperature be 212S a cubic inch of water swella 
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into 1696 cubic inches ; and if the tempexatnre be 77^^ it swells into 23090 
cubic inches of vapour. 

434. There is no temperature, however low, at which water will 
not evaporate. Thus, a piece of ice at the temperature of — ^4^ 
(that is, 36^ below the freezing point) produces a vapour whoso 
pressure is represented bj a column of mercury of a twentieth 
of an inch. 

When a liquid expands into vapour, it exerts a certain mechanical force, 
the amount of which depends on the pressure of the vapour, and the increased 
volume which the liquid undergoes in evaporation. Thus, if a cubic inch of 
a liquid swells by evaporation into 2000 cubic inches of vapour, having a 
pressure of 10 lbs. per square inch, it is easy to show that a mechanical force 
is developed in such evaporation which is equivalent to 20000 lbs. raised 
through one inch. For, if we imagine a cubic inch of the liquid confined in a 
tube, the bore of which measures a square inch, it will, when eva{>orated, fill 
2000 inches of such tube, and, in swelling into that volume, will exert a 
pressure of 20 lbs., so thac it would in fact raise a weight of 10 lbs. through 
that height. Vow 10 lbs. raised through the height of 2000 inches, is equi- 
valent to 20000 lbs. raised through the height of one inch. 

It may be considered os certain that all that class of bodies which are 
denominated permanent gases, are the super-heated vapours of bodies which, 
under other thermal conditions, would be found in the liquid or solid state. 
It is easy to conceive a thermal condition of the globe, which would render it 
impossible that water should exist save in the state of vapour. This would 
be the case, for example, if the temperature of the atmosphere were 212^ with 
its present pressure. A lower temperature, with the same pressure, would 
convert alcohol and ether into permanent gases. 

435. The numerous experiments by which many of the gases 
hitherto regarded as permanent have been condensed and reduced 
to the liquid, and, in some cases, to the solid state, have further 
eonhrmed the inferences based on these physical analogies. The 
principle on which these experiments have in general been founded 
Is, that if, by any means, the heat which a super-heated vapour 
has received after having assumed the form of vapour can be udeen 
from it, the condensation of a part of it must necessarily attend 
any further loss of heat, since, by what has been explained, it will 
be apparent that no heat will remain in it except what is essential 
to its maintenance in the vaporous state. 

The gas which it Is desired to condense is first submitted to severe com- 
pression, by which its temperature is raised either by diminishing its specific 
heat or by developing heat that was previously latent in it. The compressed 
gas is at the same time surrounded by some medium of the most extreme 
cold ; so that, as fast as heat is developed by compression, it is absorbed by 
(he surrounding medium. 

When, by such means, all the heat by which the gas has been surcharged 
has been abstracted, and when no heat remains save what is essential to the 
maintenance of the elastic state, the gas is in a thermal condition analogous 
to that of vapour which has been directly raised by heat from a liquid, and 
which has not received any further supply of heat from any other soorcis 
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It follows, thmfore, that any ftirther abstraction of heat must cause the 
condensation of a corresponding portion of the gas. 

The following gases, bdng kept at the constant temperatnre of 32^ by de- 
priving them of heat as fast as their temperature was raised by compression, 
have been reduced to the liquid state. The pressures necessary to accom|didi 
this are here indicated 


KamMvfOMM 

condenMd. 

PiVMan 
mder vhleh 
CoadMiMtlon 
took plooob 

NsmMof Qaooi 
oondoDMd. 

Prownro 
nndor wMeh 
Condcniotloo 
took place. 

Salpbnrous acid • . 
^anogen gas . . . 
Ifydiiodic acid . . 
Anunoniacal gas . . 

AtnMMptaorM. 

1- 5 

2- 1 

4*0 

4*4 

Hydrochloric acid . 
Protoxide of asote . 
Carbonic acid . • . 

AtmoiphorM. 

S*o 

37*0 

39*0 


If these substances be regarded as liquids^ the above pressures would be 
those under wliich they would vaporise at 32°* If they be regarded as 
vapours, they are the pressures under which they would be condensed at 32^. 

436. When a liquid passes into the state of vapqur, it absorbs 
a certain quantity of beat without being rendered hotter, and when 
the vapour is reconverted into the liquid, it parts with an equal 
quantity of heat. This is called the latent heat of vapour m 

When water is vaporised, it absorbs as much heat as would raise 6} times 
its own weight of water from the Areeaing to tho boiling point. 

437. DietiUaiion depends upon the successive evaporation and 
condensation of liquids, and is used for the purpose of separating 
liquids from impurities which they may hold in solution. 

Tho process by which water is first converted into vapour and 
then restored to the state of water is called distillation, from a 
Latin word distxuatio, which signifies “ falling in drops.** The 
conversion of the vapour into liquid in the condenser usually pro*- 
cecds so slowly that the liquid falls from the spout of the condenser, 
not in a continuous stream, but in a succession of drops. 

In the Industrial arts, and in chemical laboratories, where water absolutely 
pure is needed in considerable quantities, its distillation is conducted in an 
apparatus which is represented in Jig, 234. 

This distilling apparatus, or alembic, consists of a copper boiler. A, fixed 
in a brick furnace, having a dome-formed cover, b, a^pted to it, firom 
which a bent tube, bed, proceeds, and is connected with a spiral tube called 
a worm. This worm is enclosed' in a large cylindrical cistern, p q j r, con- 
structed in metal, and which is kept constantly filled with cold water. Tho 
lowest part of the worm passes out of this cistern near its bottom, and termi- 
nates at a, over the mouth of a jar, c, intended to receive the distilled water. 
All opening, t, having a steam-tight stopper, is provided in the boiler, through 
which tho water to be distilled is introduced into it. 

The vapour issuing fVom the boiler through the tube^ bcil, passes into the 
worm, being first received by the vessel, o, where the condensation b^na. 

Passing next through the coils of the worm. It is exposed to the contact of 
its cold surface, and Is entirely condensed and reduced to the liquid state 
before it arrives at the lower extremity, o, firom which it trickles in drops 
into the jar, c. 

The heat disengaged from the vapour in the process of condensation being 
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coniUntly imparted to the water in the cistern p qj that water would bt 
gradually warmed, and if it were not discharged and replaced by cold water, 
it would no longer keep the worm cold enough to condense the Taponr. A 
supply of cold water is therefore introduced through a pipe, T t, while the 
heated water flows away through the pipe of discharge, o. 

Heated water, being lighter bulk for bulk than cold water, will float upon 
the latter without mixing with it, unless the liquid be agitated. The cold 
water, therefore, being introduced at the lowest part, t, of the dstem, wily 
form the inferior strata, while the heated water will collect at the superior 
strata, and, being pres^ upwards by the cold water, will flow out at o. 
The supply pipe, p, which feeds the pipe tt, and the discharge pipe, o, may 
be, and generally are, so regulated that the water discharged flrom o is very 
little below the temperature of the vapour coming from the boiler, while the 
water of the lowest strata is as cold as the external atmosphere. The 
vapour, therefore, which enters at </, is at first only partially condensed, the 
condensation being rapidly increased as, winding through the worm, it 
passes in contact with a surface colder and colder until, at length arriving at 
the lowest coil, it is wholly condensed. 

The heated water which flows from the discharge pipe, o, may be used tc 
feed the boiler b ; and being already at a high temperature^ an economy of 
fuel is thus eflected. 

438. When heat ia imparted to one part of any mass of matter, 
the temperature of that part is raised above that of the other 
parts. This inequality, however, is only temporary. The heat 
gradually diffuses itself from particle to particle throughout the 
volume of the body, until a perfect equilibrium of temperature 
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bos been established. Different bodies exhibit a different facility 
in this gradual transmission of heat. In some it passes more 
rapidly from the hotter to the colder parts than in others.' Those 
bodies in which it passes easily and rapidly are good co^nductors. 
Those in which the temperature is equalised slowly are bad con^ 
doctors. 

Liquids and gases are very imperfect conductors. 

Metals arc the best conductors. 

439. The conducting power of all bodies is diminished by 
pulverising them, or dividing them into fine filaments. Thus 
■sawdust, wlien not too much compressed, is one of the most perfect 
nonconductors of heat. A casing of sawdust is found to be the 
most effectual method of preventing the esc^>e of heat from the 
surface of steam boilers and steam pipes. 

If, however, the sawdust be either much compressed on the one 
hand, or too loosely applied on the other, it is not so perfect a 
nonconductor. In the one case, the particles, being brought into 
closer contact, transmit heat from one to another ; and in the other 
case, the air circulating too freely among them, the currents ore 
established by which the heat is transfused through the mass. 

To produce, therefore, the most perfect nonconductor, the 
particles of the body must have naturally little conductibility, and 
they must be sufficiently compressed to prevent the circulation of 
currents of air among them, and not sufficiently compressed to 
give them a facility of transmitting beat from particle to particle 
by contact. 

440. The animal economy presents numerous and beautiful examples of 
tlie fulfilment of these conditiona It is generally necessary to the well- 
being of the animal to have a temperature higher than that of the medium 
whicli it inhabits. In the animid organisation, there is a principle by 
whicli heat is generated. This heat has a tendency* to escape^ and to be 
■AUssipAted at the surface of the body, and the rate at which it is dissipated 
depends on the difference between the temperature of the surface of the body 
and the temperature of the surrounding medium. If this difference were too 
great, the heat would bo dissipated faster than it is generated, and a loss of 
heat would take places which being continued to a certain extreme, would 
•destroy the animal. 

Nature has provided an expedient to prevent this, which varies in its 
efficiency according to the circumstances of the climate and the habits of the 
animal. 

The plumage of birds is composed of materials which are bad conductors 
•of heat, and are so disposed as to contain in their interstices a great quantity 
•of air witliout leaving it space to circulate. For those species which inhabit 
the colder climates a still more effectual provision is made, for, under the 
•ordinary plumage, which is adapted to reidst the wind and rain, a sUU more 
fine and delicate down is found, which intercepts the heat which would 
otherwise escape through the coarser plumage. Perhaps the most perfiMt 
insulato** Of heat is awanadowiL 
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The wool and fur of animala are provisions obviously adapted to the same 
uses. They vary not only with the climate which the species inhabits, but 
in the same individual they change with the season. In warm climates the 
furs are in general coarse and sparse, while in cold countries they are fine, 
dose, light, and of uniform texture, so as to be almost impermeable to heat. 

'l*he vegetable, not less than the animal kingdom, supplies striking illus 
trations of this principle. The bark, instead of being hard and compact, 
like the wood which it clothes, is porous, and in general formed of discon- 
tinuous laminflc and libres, and, for the reasons already explained, is a bad 
conductor of heat, and thus prevents such a loss of heat from the surface of 
the wood under it as would be injurious to the tree. 

A tree stripped of its bark perishes, as an animal would if stripped of 
its fleece, or a bird of its plumage. 

Man is eiulowerl with faculties which enable him to fabricate for himsdf 
covering similar to that which nature has provided for other animals; and 
wliere his social condition is not sufficiently advanced for the accomplish- 
ment of this, his object is attained by the conquest of inferior animals whose 
clothing he appropriates. 

Clothes are geneaally composed of some light nonconducting substances 
which protect the body from the inclement heat or cold of the external air. 
In summer, clothing keeps tho body cool ; in winter, warm. Woollen sub- 
stances are worse conductors of heat than cotton, cotton than ailk, and silk 
than linen. A flannel aliirt more efiectually intercepts heat than a cotton, 
and a cotton tlian a linen one. 

What the plumage does for the bird, wool for the animal, and clothing for 
the man, snow does in winter Ibr the soil. The farmer and the gardener 
look with dismay at a hard and continued frost whidi is not preceded by a 
fall of snow. Tho snow is nearly a nonconductor, and, when sufficiently 
deep, may be considered as absolutely so. The surface may therefore fall to 
a temperature greatly below 32^, but the bottom in contact with the vegeta- 
tion of the soil does not share in this fall of temperature, remaining at 32°, 
a temperature at that season not incmupatible with the vegetable organisa- 
tion. Thus the roots and young shoots are protected fiwm a destructive 
cold. 

441. The ganlener who rears exotic vegetables and fruit trees, protects 
them from the extreme cold of winter by coating them with straw, matting, 
moss, and other fibrous materials which are nonconductors. 

442. If we would preserve ice from dissolving, the most effectual means 
would be to wrap it in blankets. Ice-houses may be advantageously 
aurrounded with sawdust, which keep them cold by txiduding the heat, by 
the same propert3- in virtue of whidi ft keeps steam boilers warm by 
including the heat. 

Air being a bad conductor of heat, ice-houses are sometimes constructed 
with double walls, having a space b^ween them. This expedient is still 
more effectual, if the space be filled with loose sawdust. 

443. Glass and porcelain are slow condnetors of heat, which explains the 
fact that vessels cf this materhd are so often bsoken by suddenly pouring 
hot water into them. If it be poured into a glass tumbler, the bottom, with 
which the water first comes In contact, expanda ; but the heat not pwing 
freely to the upper part, this expansion is limit^ to the bottom, which is 
thus forced from the tipper part, and a crack is produced. 

When wine-coolers have a double canng, the external space u filled with 

a nonconductor. 
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light, is propagated 
through space by ra- 
diation in straight 
lines, and its rays, 
like those of light, 
are subject to trans- 
mission, reflection, 
and absorption by 
sncli bodies as they 
encounter in various 
degrees. All tliat 
is established in op- 
tics respecting the 
reflection of light 
from unpolished, 
perfectly and imper- 
fectly polished sur- 
faces, its refraction 
by transparent me- 
dia, its interference, 
inflexion, and polari- 
sation, may, with 
little modifleation, 
be applied to the rays 
of heat submitted to 
like conditions. 

445 - lladiation 
takes place altoge- 
ther from points 
eitlier on the surface 
or at a very small 
depth below it. 

Let a cnbioal can is (or 
of tin E (yfff. 135.) be 
placed on the axis of a 
parabolic metallic re- 
flector n, in the focus 
F of which is placed 
the bulb of a sensitive 
differential thermome- 
ter. If the canister be 
placed with one of its 
sides at right angles to 
the axis of the re- 
flector, and be filled 
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with loihng wiUr, th 
tbenuonietir will m 
stantly show an im.ro isi, 
of tempci ituro t mst I 
the htat r-* li it( tl fi n tho 
surface of tho cimsUi 
and i ^Ilot to I into a 
upt II the ball by the ic- 
fle tor. 

446 'Jho gcnci il 
ptiiuipks iiin^ 

till* 1 atlmlion^ ib'iorp- 
tion, letlection, an I 
transmission ot he it, 
whuhhi\i been lieio 
St iti(l,scr\( to explain 
uiil illimtnto \ 11 ions 
exp< riiuciital facts ami 
natural phenoiinni, is 
will appe ii fiom whit 
lollowb — 

If two conca'vo pari- 
bolit rcflecUrs, shown m 
hg 236 , are so plac 0 1 
that their axes shall I 
in tho same diroction 
their <t>n(a\itica hcin^ 
presi nt< d one to the other 
invriliitoro ho it plac i I 
in the fixiis of either will 
pnaluce a corre spoil hn^ 
effect upon a the ionic tc r 
place 1 in the foe us of lli 
other, the rays of I c it 
issuing from the radiating 
body being twice reflected 
and collected in the focus 
of the second reflect r 

447 Vessels in ten led 
to hold liquids at a hij^her 
temperature than that A 
the surrounding midiuin 
should be constructed of 
materials which are bad 
radiators Thus tea- urns 
tea pots, Ac, are best 
adapted for their purpose 
when made of polished 
metal and worst when of 
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black porcelain. A tea-kettle keeps water hot more effectnally if clean anil 
polished, than if covered with the black of soot and smoke. Polished fire- 
irons remain longer before a hot fire without being heated than rough un- 
polisheil ones. 

448. A polisiicd stove is a bad radiator; one with a rough and blackened 
surface a good radiator. The latter is therefore better adapted for wanning 
an apartment than the former. 

449. Tlic liL'Iinct and cuirass worn by cavalry is a cooler dress than might 
lie imagined, the polisheil metal being a good reflector of l^at, and throwing 
i>ir iho solar rjiV!*. 

450. Wlicn tlic external air, which generally hapfiens, is at a lower 
tempernture than the air included in the room, it will be observed that a 
dofiosition of moisture will bo formed upon tho Inner surface of the panes of 
glass ill the windows. This is produced by the vapour suspended in the 
atmosiilicrc of the room being condensed by the eo!d surface of the glass. If 
the external air in this case be at a temperature below 32^, the deposition on 
'the inner surface of the glass will be congealed, and a rough coating of ice 
will bo exhibited upon it. 

451. A clear nncloudcd sky in the absence of the sum radiates bht littlo 
beat towards the earth ; consequently, if good radiators be exposed to such 
an aspect, they must sulfer a fall of temperature, since they lose more by 
radiation than tl»e3' receive. 

Objects which are good radiators, exposed to a clear sky at nighty will 
become colder than the surrounding atmosphere, and will consequently con- 
dense the water suspended in tho air around them ; while olgects which arc 
Imd radiators will not do this. Grass, foliage, and other products of vegeta- 
tion Are ill general good radiators. The vegetation, therefore^ which covers 
the surface of the ground in an open country on a clear night will receive a 
deposition of moisture from the atmosphere; while the objects which are 
loss perfect radiators, such as earth, stones, &c., do not in general receive 
such ilcpositioiis. In the close and sheltered streets of cities the deposition 
of dew is rarely observed, because there the objects are exposed to redproca! 
radiation, and an intcrcliange of heat takes place which mointaiiis their 
temperature. 

The effect of the radiation of foliage is strikingly manifested by tho 
following example :-*Of two thermometers, one laid among leaves and gross, 
and the other suspended at some height above them, the latter will bo 
observed to fall at night many degrees below the former. 

45a. Ill a cloudy night dew is not deposited, because in this case^ although 
vegetation radiates as perfectly as before, the clouds also radiate^ and an 
interchange of heat takes place between them and the surfiice of the earth, 
by which the fall of temperature producing dew is prevented. 

453. Artificial ice ia sometimes produced in hot climates by the 
following process:— A position is selected, not exposed to the 
radiation of surrounding objects, and a quantity of dry straw is 
spread on the ground, on which pans of penrous earthenwaiw are 
disposed in which the water to 1^ cooled b placed. Tho water 
radiates hent to the firmament, and receives no heat in rohurn. 
The straw upon which the venids are placed, being a bad con- 
ductor, intercepts the heat, which would otherwise bo impattod to 
the water in the vessels firom the earth. The porous nattnre of 



COMBUSTION. 


“*7J 

the pans also allowing a portion of the water to penetrate them» 
produces a rapid evaporation^ by which a considerable quantity of 
the heat of the water is carried off in a latent state by ^e vapour. 
Heat is thus dismissed at once by evaporation and radiation, and 
the temperature of the water in the pans is diminished until it 
attains the freezing point. In the morning the water is found 
frozen, and is collected and placed in cellars surrounded with 
straw or other bad conductors, which prevents its liquefaction. 

4J4. When the quantity of heat suddenly developed by the 
chemical combination of two bodies renders the compound lumi- 
nous, the bodies are said to burn,. and the phenomenon is called 
conkhifstion. If one of the bodies is a solid^ it is called Jire; if both 
are gaseous, flame. 

Flame, therefore, is matter rendered incandescent by the combus- 
tion of a gas, though rarely the result of that combustion directly. 

455. It happens that, among the infinite variety of substances 
whose combination is productive of this class of phenomena, one of 
the two combining bodies is almost invariably oxygen gas. A few 
other substances, such as chlorine, bromine, and iodine, produce 
similar efihets ; but in all ordinary cases of combustion, and uni- 
versally where that effect is resorted to as a source of artificial 
heat, one of the combining substances is oxygen gas. On this 
account this gas has been called a supporter of combustion, 

456. The substances which, combining with it, produce the phe- 
nomenon of combustion, arc called combustibles. The class of 
combustible substances which are commonly used for the produc- 
tion of artificial heat is called fuel. Such, for example, are pit 
coal, charcoal, and wood. 

Another chiss of combustibles is used for the production of 
artificial light : such, for example, are oil, wax, and the gas ex- 
tracted from certain sorts of pit coal, from oil, and from certain 
sorts of wood, such as the pitch pine. The principal constituents 
of all these combustibles, whether used for the production of heat 
or light, ore those denominated by chemists carbon and hydrogen, 

457. Carbon is the name given to charcoal when it is absolutely 
pure, which it never is as it is obtained by the ordinary industrial 
processes. It is in that state combined with various heterogeneous 
and incombustible substances. In the laboratories of chemists it 
18 separated from these, and obtained in a state of perfect purity, 
being there distinguished from the cli^coal of commerce by the 
name carbon. 

Carbon, having never been resolved by any chemical agent into 
other constituents, is classed in chemistry as a simple and elemen- 
tary body, which enters largely into the composition of a numerous 
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class of bodies which arc found in nature^ or produced in the 
processes of*industry, the sciences, and the arts. 

458. A quantity of charcoal being placed in a furnace through which a 
draught of air is maintained, if a part of it bo heated to redness, the entire 
ma s s will soon become incandescent, and will emit a reddish light, which 
will be whiter as tlie air is passed through it more briskly, and will emit 
considerable heat. The charcoal will gradually decrease in quantity, and at 
length will disappear -altogether from the fhrnace, under which a small 
portion of ashes consisting of incombustible matter will remain. If the 
charcoal had been pure — that is, if it had been carbon — it would hayo 
altogether disappeared, no ash whatever remaining. 

459. This phenomenon is an example of combustion. The heat and light 
developed during the process here described are commonly called fire. 

To comprehend what takes place in this process, we must consider that, 
as the air passes through the charcoal, the oxygen gas, which forms one 
fifth part of it, enters into combination with the pure carbon. A compound 
is thus formed conststing of carbon and oxygen. The formation of this com- 
pound is attended with so great a production of heat, that not only the com- 
pound itself, but the charcoal, from which it is evolved, is*^raised to a very 
elevated temperature. 

The compound thus produced is a gas called carbonic acid. 

The lur which enters the furnace being a mixture of azote and oxygen, 
that which rises from it after the combustion has been produced is a 
mixture of azote and carbonic acid ; the azote having passed through the 
furnace without suffering other change than an increase of temperature, 
while the oxygen has been converted Into highly heated carbonic acid. 

460. Hydrogen^ like carbon, is a simple substance; and also, 
like carbon, enters largely into the composition of a numerous 
class of bodies. Hydrogen combines with oxygen in the proper-* 
tion of 1 part by weight of the former to 8 of the latter to fbrm 
water, and if the combination be formed in a pure or nearly pure 
atmosphere of the gases, it is instantaneous, and accompanied by 
an explosion. If, however, the combination take place, as it may, 
in common air, the phenomena will be very different. ' 

If purs hydrogen, compressed in a bladder or other reservoir, be allow&l to 
issue from a small aperture, a light applied to it will cause it to be inflamed. 
It bums tranquilly without explosion, producing a pale 3'ellowish flame and 
very feeble lights but intense heat. This is the efiect attending the gradual 
and continual combination of the hydrogen, as it escapes from the aperture, 
with the oxygen of the surroundlifg air. 

46 1 - The combustion of carbon differs from that of hydrogen in 
this, that the former takes place without tbe production oi flame. 
The charcoal being heatdd to redness, and still in the solid form, 
enters directly into combination with the oxygen of the sur- 
rounding air, and the carbonic acid which is formed, being a gas 
which is not luminous nor visible, the carbon disappears. But in 
the case of hydrogen, the heat produced by the combustion ip oq 
intense aa to render the gas its^ luminous, Just as intense heat 
will render a xrafts :>F iron red hot or white hot. [Usually, however^ 
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wlien flame is produced, the incandescent body Is not the gas, but 
a solid, either deposited from it by decomposition or produced by 
its combustion* For instance, in the flame of coni gas, the incan - 
descent substance which produces the flame is carbon in the solid 
state deposited from the gas, and heated white-hot by the com- 
bustion of hydrogen, the other constituent of the gas burnt. In 
fact, the feebleness of the flame of pure hj’drogozr arises from t^o 
absence of any solid to give out light.] 

462. The species of combustible used as fuel with which we are 
most familiar in this country is pit coaL 

Thi«i mineral^ exclusive of some extratieous and iiicombuiitible ingredients 
which it contains in very small proport ions, consists of carbon and car- 
bnretted hy<lrogen. Tlie proptirtion of carbon varies in diflercnt sorts 
of coal from 80 to 90 per cert., the hydrogen varying fruni 3 to 6 per cent., 
and tlic remainder consisting of oxygen and azote. In the heavy coal of 
Whales, called anthracite, the proportion of carbon is above 90 per cent., while 
that of the h^'clrogenous gases is only 3 or 4 per cent. In the bituminous 
coal of Northumberland the pro])ortjoii of carbon is about 87 per cent., and 
that ef hydrogen from 5 to 6 per cent. 

463. When a fire composed of such fuel is properly kindled and 
supplied with a draught of air necessary to sustain the combus- 
tion, the carbon will continue to combine with its proper propor- 
tion of oxygen, producing the corresponding (quantity of heated 
carbonic acid, and rendering the solid part of the fuel red and 
luminous ; and the hydrogenous gases will at the same time com- 
bine with Iheii respective proportions of oxygen, producing car- 
bonic acid and watery vapour, and rendering the gases as they 
issue from the fuel luminous, or, what is the same, converting them 
into flame. 

The flame will he faintly luminous and bluish if they contain 
catbonic oxide, which may be produced by incomplete combustion 
of carbon below } it will be yellowish and a little more luminous 
if they be light carburetted hydrogen ; and it wdll be very white 
and very luminous if they be hejavy carburetted hydrogen. 

Thus all the phenomena exhibited by a common coal fire, — the 
rod unflaming fuel, — the faint blue flames occasionally seen, — 
and, in fine, the white brilliant flame which most commonly issues 
from the fissures of the coal, arc severally explained and accounted 
for. 

464. Wood is a combustible generally used for the production 
of artificial heat in countries wlicre coal is not so cheap and 
abundant as in England. This fuel, like coal, consists principally 
of carbon and hydrogen in various propqrtionsi accordhig to the 
swt of wood. All £uids of wOod OooUan^iQsb'a propc»^n of 
oxygen, as a constituent, much greater than is found in coal. 
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Wood, when green, coiiiainti a considerable proportion of water. 
In the combustion of such wood a large proportion of the heat 
developed is absorbed in the evaporation of this water, and is, 
therefore, lost for heating purposes. Wood used as fuel should, 
.therefore, be kept until this water, or the chief part of it, has been 
evaporated. For the same reason, wood kept for fuel should be as 
little exposed to moisture or damp as possible. 

46;. All fatty, oily, and waxy substances arc combustible, 
whether in the liquid or solid state. They consist of the same 
coDstituents as coal and wood, V>ut combined somewhat differently 
and in diflerent proportions. Most substances of this class, burn- 
ing with a (lame of more or less brilliancy, are used for the pur- 
poses of artificial illumination. 

Whale, sperm, olive, and cocoa-nut oils, wax, spermaceti, and 
tallow are cxaiiqdcs of this class of combustibles. 


CHAT. XIV. 

" MAONMITISM. 

466. Ckutain forriiginoiis mineral ores arc found in varoiis 
countries, whitdi lieing brought into proj^iiuity with iron manifest 
nil attruefioii for it. 'Fhese are called natural fnaffnets^ a term 
derived from AfaKiicsia^ a eity of Lydia, in Asia Minor, where 
the Greeks first discovered uHl observed the properties of these 
inincruls. 

The natural magnet is also called the loadstone^ or more pro- 
perly lodvstone^ or Icndstonr^ a name indic^ativc of the guiding pro- 
perty of Uic maguett just ns the pole star wa» called the lodestar, 

Tlie natural magnet is a compound consisting of one equivalent 
of the. ]ir<itoxide and one of the sestjiiioxide of iron. This mineral 
abounds in Sweden and Norway, whi*re it is worked ftn- the pro- 
flm'ticm of t lie iron of ooiniueree, yieliling the best quality of that 
metal known. 

467. Tlie same property may be imparted to any mass of iron, 
having any desired magnitude or form, by ]>roccsses which will be 
explained hereafter. Such pieces of iron having thus acquired 

hose properties are Qv\\e\\ ardjirial magnets ; and it is with these 
ehielly that scientific experiments are made, since "they can bo 
produced in indiinitcd quantity of any desired form and magni- 
tude, and having the magnetic virtue, mthiu practical limits, in 
any desired degree. 

468. This attractive-'power is not diffused uniformly over every 
part of the surface. It is found to exist in sdme parts with much 
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greater force than in otherSi and on a magnet a certain line is 
found where it disappears. This line divides the mjjgnot into t^vo 
parts or regions, in which the attractive power prevails in varying 
<legrecs, its energy augmenting with the distance from the neutral 
line just mentioned. 

469. This neutral line may be culled the equator of the magnet. 

The two regions of attraction separated by the equator are 

called the poles of tlie magnet. 

Sometimes this term pole is applied to two points, which ar«i\ho 
<;entres of all the m.agiietic attractions, in the same manner as the 
centre of gravity is the centre of all the gravitating forces which 
act upon the particles of a bo<ly. 

470. The neutral line and the varying attraction of the parts of tlio 
Hurfacc of ih«i niagnt't whicli it separates may bo manifested experimentally 
as follows. r.rt a ina.ixnot, a. hetluT natural or artificial, bo rolle<l in a mast 

of ftiie iron filings. They will adhere to it, 
and will collect in two tiifls on its surface, 
st'parutcd b3’ a space upon Avliich no tilings 
will apxiear. 

Tins eflcct, as exhibited by a natural 
magnet of rough and irregular form, is 
represented in Jig, 237. ; and os cxliibited 
hy an artificial magnet in the form of a 
re gular rod or c^dindcr whose length is con* 
sidcrable ns compared with its thickmtos, is 
represented in Jig. 238. ; the cf|uaior being represented by is q, and (lie poles 
by A and it. 

If two magiK'Is, 50 placetl as to have free motion, be presented to each 

other, they wdll exhibit 
cither niiitiial attraction 
or mutual repulsion, ac- 
cording to the parts of 
their surfaces which are 
brought in to proximitjia 
I>et K and k', ^g. 239., 
two magnets, tlicir poles 
being rcspectiArely ab and 
a' 1*’. Let the two puh ^ of each of tlie'«e be successively presented to the 
same pole of a third magnet. It Avill be found that one will be attracted and 

^ ^ the other repelled. Thus, 

A IJ the poles A and a' will be 

r ~- - — r— — both attracted, and the poles 

ft II and if will be both 




i rr~r! :^ r polled by the pole of HiC 

third magnet, to which they 
I 'K* * are successive! A' presented. 

The poles A and a', Avhich arc both attracted, and the poles n and u' 
Avhich arc bdlh repelled by the same pole of a third magnet, are said to be 
iike poles ; and the poles a and b’, and b and a', one of which Is attracted and 
the other repelled by the same pole of a third Biagnet, arc said to be unfike. 
poles, * " ^ 
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Tlius the two poles of the same magnet are always unlike poles^ since one^ 
Is always attracted, and the other repelled, by the same pole of any magnet 
to which they are successively presented. 

If two like poles of two magnets, such as A and a' or u and d', be 

presented to each other, 
they will be mutually 
reitelled; and if two 
unlike poles, as A and 
b' or D and a', be pre- 
sented to each other, 
they will be mutually 
attracted. 

Thus it is a general 
law of magnetic force, 
that like poles mutually 
repel and unlike poles 
mutually attract. 

If the pole A of a 
magnet b^ presenteil 
first to p and then to p', 
it will repel one and at- 
tract the other, 240. 
Ifakey c(>Ip. 241.) 
be suspended by the pole n, it will fall from it when the unlike pole A of another 
magnet is nppUoil to it, the mnguetism of the two unlike poles neutralising 
each other. 




Fig. 141. 


471. Theso phenomena, and others which will presently be 
stailed, have been ex])lalned by diflerent suppositions, one of which 
assumtis that all bodies susceptible of nmgnctism are pervaded by 
ii subtle iin ponderable fluid, whicli is eoiiipoiind, consisting of two 
constituents called, for reasons which will hereafter appear, the 
austral fluid and the boreal fluid. Each of these is self-repulsive : 
but they nrc reciprocally attractive, that is to say, the austral fluid 
repels the austral, and the boreal the boreal ; but the austral and 
boreal fluids reciprocally attract. 

When a body is magnetic, the fluid which pervades it is decom- 
posed, the austral being directed towards one pole, and the boreal 
towards the other. This decomposition is only molecular; that is, 
the magnetic fluid of each molecule must be considered as being 


AUSTRAL AND BOREAL FLUIDS. . 


»79 


thus dividedi for the austral fluid is not collected at one end of 
the magnet and the boreal at the other. If such were the case, 
on division of the magnet at the equator, .each half would have 
only its peculiar fluids whereas each is in lact a perfect magnet. 

If the austral poles of tlic two magnets be presented to each 
other, they will mutually repel, in consequence of the iiiiitual re- 
pulsion of the fluids wliich are directed towards them ; and the 
same eflect will take place if the boreal poles be presented to each 
other. If the austral pole of the one magnet be presented to the 
Dorcal pole of another, mutual attraction will take place, because 
die austral and boreal fluids, though separately self- repulsive, are 
“"iciprocally attractive. 

It is in this manner that the hypothesis of two self-repulsive and 
iiutually attractive fluids supplies an explanation of the general 
magnetic law, that liko poles repel and unlike poles attract. It 
must be observed that the attraction and repulsion in this hypo- 
thesis are imputed, not to the matter composing the magnetic borly, 
but to the hypothetical fluids by %vhich this matter is siipjiosed tq 
be pervado<l. 

472. The force with which the opposite fluids are combined in 
bodies susceptible of magnetism varies. In some the conduolor is 
feeble, so tliat they are easily decomposed, and the body oonse* 
qijcntly easily magnetised. In others they arc more strongly 
combined, resisting decomposition, and rendering iiiagiictism more 
diflUcult. 

The facility with which, after decomposition, they arc recom- 
bined, BO as to restore the body to its natural or uniiiagiietiscd 
state, is always proportionate to that with which they are de- 
composed. 

This force, which resists decomposition and recomposition with 
more or less intensity, is called the coercive force. It has great 
intensity in highly tempered steel, which consequently, when once 
magnetised, retains its magnetism ; and it is scarcely sensible in 
soli iron, which, when magnetism is momentarily imparted to it, 
loses the virtue almost instantaneously. 

473. The only substances in wliich the magnetic fluid has been 
decomposed, and which are therefore susceptible of inagnetism, 
are iron, nickel, cobalt, chromium, and manganese, the first being 
that in which the magnetic property is manifested by the most 
striking phenomena. 

474. If the extremity of a bar of soft iron be presented to one of the poles 
of a magnet, this bar will itself become immediately magnetic. Jt will 
manifest a neutral line and two poles, that pole which is in contact with the 
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magnet being of a contrary name to 
the pole which it touches. Thus^ if 
A 11, Jig. 242., be the bar of soft iron 
which is brought in contact with the 
boreal pole bof the magnet ab, then 
A will be the austral and b the bo- 
real pole of the bar of soft iron thua 
rendered magnetic by contact, and 
B will bo its equator, which, how- 
ever, will not bo in the middle of 
the bar, but nearer to the point of 
contact. These cfTccts are thus ex- 
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plained by the hypothesis of two ilukU. 
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Tha atiractiaii of the boreal pole of the magnet aB acting npon the mag- 
netic fluid which pervadea the bar a decomposes it, attracting the austral 
fluid towards the point of contact A, and repelling the boreal fluid towards n. 
The austral fluid accordingly' predominates at the end A, and the boreal at 
the end n, a neutral line or equator s separating them. 

475. Induction is the name given to this processi by which 
magnetism is developed by magnetic action at a distance. 

476. A magnetic needle generally receives the form of a 
lozenge, as represented in Jig. 243., having a conical cup of agate 
at its centre, which is supported upon a pivot in such a manner as 




Fig. 245. 

that the needle is free to turn in a horizontal plane, round tlie 
pivot as a centre. In this case the weight of the needle must be so 
regulated as to be in crpiilibriiiin on the pivot. 

Bar magnets are pieces of steel in the form of cylinders or 
prisma, wliosc length is considerable compared with their depth or 

thickness. In produc- 
ing such magnets cer- 
tain processes arc ne- 
cessary, which %vill be 
c’x plained hereafter. 

477. Compound mag- 
nets consist of several 
bar magnets, equal and 
similar in magnitude, 
being placed one upon 
the other with their cor- 
responding poles to- 
gether. 

478. When a magnetic 
I'i,?. 24^. needle is freely suspend- 

ed, it will always take a direction nearly north and south, the 
boreal pole being directed to the south and the austral to the 
north. This is explained by tbc supposition that the earth itself 
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is a magnet whose boreal pole is in the northern, and austral in 
the southern hemisphere. Ulie boreal pole of the magnetic needle 
is therefore attracted towards the south, and the austral towards 
the north. 



Fig. 147. 

479. The direction of the needle is nearly, but not exactly 
north and south. Its deviation from the true north and south is 
called the deelinatian or variation of the needle. 

480. The points to which the needle is actually directed are 
called the mn^^tic norlft and souths and the vertical plane through 
the needle is called the magnetic mertJtan. 

481. A needle suspended on a vertical pivot showing the direc- 
tion of the magnetic meridian, is called an aximuih ampase* 

For scientific purposes this instrument is mounted, as shown in 
fig- * 44 - 

482. For the purposes of navigation it is mounted on gimboU^ 
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as shown in Jig, 245., and is called the inariner^s compass. It is 
usually inclosed in a box, ns shown vajig, 246. 

483. The centres of the earth's polarity being at certain points 
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witliin each hcinispherc, there is a tendency to attract the austral 
pole of a needle downwards^ and to repel the boreal pole upwards 
in the northern hemisphere. The contrary effect is produced in 
the southern hemisphere. A needle suspended on a horizontal 
axis turning* in a vertical plane, and called the dipping needle. 
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shows this phenomenon {fig, 247-)- angle wlitch the needle 

makes with the horizontal plane is called the ilipm 

Artificial magnets are mode by drawing the poles of other mag- 
nets, natural or artificial, along the surfaces of the bars to be 
magnetised. 

Thus if the contrary poles or, b {fig, 248.) of two magnets be 
applied at the centre of a bar to be magnetised, and be drawn 
repeatedly towards its extremities, the bar will become an artificial 
magnet. 

The process will be rendered more effectual If n\ Af be laid upon 
the contrary poles a, b of two other magnets* 

Another arrangement for performing this process with compound 
magnets is shown in 249. 
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CHAP. XV. 

ELECTRICITr. 

484. If a glass tube, being well dried, be briaklj rubbed with ai 
dry woollen cloth, the following effects may be pr^uced : — 

The tube, being presented to certain light substances, such as^ 
feathers, metallic leaf, bits of light paper,, filings of cork, or pith 
of elder, will attract them. If the friction take place in the dark, 
a bluish light will be seen to follow the motions of the cloth. IT 
the glass be presented to a metallic body, or to the knuckle of the 
finger, a luminous spark, accompanied by a sharp cracking sound, 
will pass between the glass and the finger. On bringing the gloss 
near the skin, a sensation will be produced like that which is felt 
when we touch a cobweb. The same effects will be produced by 
the cloth, with which the glass is rubbed, ns by the glass itself. 

In an extensive class of bodies, when submitted to the same 
kind of mutual friction, similar effects ore produced* 

4.85. 'J*hc physical agency from which these and like phenomena^ 

arise has been 
called electricihf^ 
from the Gre^ 
word iiXiKrpov- 
(electron), signi- 
fying amber, that 
substance having 
been the first in 
which the property 
was observed by 
the ancients. 

To study the 
laws which govern 
electrical forces, 
let an apparatus 
b«3 provided, called 
an electric pendu- 
lum, consisting of a small ball A, Jtg. 250., about the tenth of an- 
inch in diameter, turned from the pith of elder, and suspended, as 
represented in the figure, by a fine silken thread attached to 
convenient stand. 

If Ike glass tube B, after being rubbed as above described, be brought into- 
contact successively with two pith balls thus suspended, and then aeparated 
flrom them, a properly will be imparted to the balls, in virtue of which they 
will be repelled by the glass tube when it is brought nearer them, and they 
will in like manner repel each other when brought into proximity. 
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Thus* if the glass tube s 251.) be brought nearer the ball u', the 
hall nrill depart from its vertical position, and will incline itself fi-om the tube 
in the position b. 

If the two balls* oeing previously brought into contact with the tube, be 
placed near each other, as in fig. 25a., they will incline from each other, 
departing from the vertical positions b and b', and taking the positions (* 
and I/. 

486. These, and a great variety of other phenomena which will 
be presently noticed, are usually explained by the supposition 
that all bodies in their natural state are pervaded by a compound 
fluid called electricity^ consisting of two constituents, the one called 
the positive^ and the other the negative fluid. Each of these com- 
ponent fluids is self-repulsive ; that is to say, two bodies, both 
i^rvaded by the positive fluid, would repulse each other, and the 
same would be true of two bodies pervaded by the negative fluid. 
But if two bodies be pervaded, one by the positive and tlic other 
by the negative fluid, they will attract each other by virtue of the 
mutual attraction of the fluids with which they are charged. 

487. If a body have a surplus of the positive fluid, it will repel 
another bo«ly which also has a surplus of positive fluid, and the 
same will be true of two bodies each of which has a surplus of 
negative fluid; but if one body have a surplus of the positive and 
the other a surplus of the negative fluid, they will attract each 
other. 

488. This is a brief statement of the theory v/hicli is commonly 
known as the hypoi}u:sie ofixvoflidde^ and as its language is com* 
mouly adopted by pliysical writers, it will bo retained hero, 
though there is much to be said against the adoption of tliis theory 
as giving the true cause of electrical phenomena. 

489* There is, however, another hypothesis adopted by Frank* 
Jin, which couaista in the supposition of a single fluid^ but 08 this hi 
now for the most part rejected, we shall not hero enlarge upon it. 

490. When two bodies submitted to mutual friction are thereby 
electrified, the phenomenon is explained by the supposition that 
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the effect of the friction is to decompose their natural electricityi 
and to cause a surplus of the positive fluid to collect upon one, 
and of negative on the other. The two bodies in this case would 
attract each other, or if the surplus fluids with which they are 
charged be imparted to any other two bodies, these two bodies 
would likewise attract each other. 

491. The principle here explained will explain in a satisfactory 
manner the experiments already stated. 

If a glass tube and a woollen cloth be submitted to mutual friction, and the 
gloss tube be brought successively into contact ^th the two balls D and b' 
ijig. 25a.), it will impart positive electricity to these hulls, and they will 
Accordingly repid each other. If the woollen cloth bo brought into contact 
with them, the like effect will ensue, because they will bo both charged with 
negative electricity; but if one be touched with the glass tube, and the 
other with the Avoollen cloth, one will bo charged with positive and the other 
with negativo electricity, and they will attract each other. 

492. Positive electricity is sometimes called rtVreotfs, and nega* 
live electricity resinous ; but we shall here adhere to the more 
•generally received terms positive and negative. 

Bodies differ iVoiii each other in a striking manner in the freedom 
with which the electric fluid moves upon them. If that fluid be 
imparted to the surface of gloss or wax, it will be confined strictly 
to that portion of the surface which originally receives it ; but if 
it be imparted to a portion of the surface of a metallic body, it 
will instantaneously diffuse itself uniformly over the entire extent 
of such metallic surface, exactly as water would spread itself uni- 
formly over a level surface on which it is poured. 

The former vdoss of bodies, which do not give free motion to 
the electric fluid on their surface, are called nonconductors ; and 
the latter, on which unlimited freedom of motion prevails, are 
OttUcil conductors, 

493. Of all bodies the most perfect conductors are the metals. 
These bodies transmit electricity instantaneously, and without any 
sensible obstruction, provided their dimensions are not too small 
in relation to the quantity of electricity imparted to them. 

494. Good nonconductors are also called insulators^ because 
when any body suspended by a nonconducting thread, or sup- 
ported on a nonconducting pillar, is charged with electricity, such 
charge will be retained, since it cannot escape by the thread or 
pillar, which refuses a passage to it in virtue of its nonconducting 
quality. Thus, a globe of metal supported on a glass pillar, or 
suspended by a silken cord, being charged with elcotricity will 
retain the charge i whereasi if it were supported on a metallie 
pillar, or suspended by a metallic wire, the electricity would pass 
away by its fbee motion over the surface of the pillar or the wire. 

495. Insulating stools are formed with gloss legs, so that any 
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body charged with electricity and placed upon them will retain ita 
electric charge. 

If two persons stand on two insulating stools, and ‘one strike 
the other two or three times with the fur of a cat« he that 
strikes will have his body positively, and he that is struck 
negatively, electrified, as may be ascertained by the method 
already explained, of presenting to them successively the pith ball 
251., previously charged with positive electricity. *lt will 
be repelled by the body of him that strikes, and attracted by that 
of him who is struck. But if the same experiment be made with- 
out placing the two persons on insulating stools, the same cfiects 
will not ensue ; because, although the electricities are developed 
as before by the action of the fur, it immediately escapes through 
the feet to the ground. 

496. The atmosphere is a noncondmtor^ for if it gave a free pas- 
sage to electricity, the electrical eflects excited on the surface of 
any body surroundbd with it would soon pass away ; and no elec- 
trical phenomena of a permanent nature could be produced, unless 
the bodies were removed from the contact of the air. It is found, 
however, that resin and glass, when excited by friction, retain 
their electricity, for a considerable time. 

[497. Bodies easily lose their electricity in rarefied air if highly 
charged; but this arises from the diminution of resistance to its exit, 
and not from the increased conducting power of the medium itself. 
Hodies with a low charge retain their electricity in rarefied air 
even longer than in air at the usual pressure. The loss of electricity 
in air resembles the process of convection in boat, and therefore is 
facilitated by the increased mobility of the particles, if the bharge 
is strong enough greatly to affect those in its neighbourhood.] 

In the experiments described \nfig. 250. tt »e.q. with the pith balls, the silken 
string by which they are suspended acts as an insulator. pith of elder 

being a conductor, the electric fluid is diffused over the ball ; but the silk 
being a nonconductor, it cannot escape. If the ball were suspended by a 
metallic wire attached to a stand composed of any conducting matter, the 
electricity would escape, and the effects described would not ensue. But if 
the metallic wire wore attached to a glass rod or other nonconductor, the 
same effects would be produced. In tliat case the electricity would be difitised 
ever the wire os well os over the ball* 

498. Water, whether in the liquid or vaporous form, is a con- 
ductor, though of an order greatly inferior to the metals. This 
fact is of great importance in electrical phenomena. The atmo- 
sphere contains suspended in it always more or less aqueous 
vapour, the presence of which impairs its nonconducting property. 
Hence, electrical experiments always succeed best in cold and di^ 
weather. Hence it appears why the most perfect nonconductors 
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lose their virtue if tWir surface be moist, the electricity passing 
by the conducting power of the moisture. 

499* This circumstance also shows why it is necessary to dry 
previously the bodies, on which it is desired to develop electricity 
by friction. It will be apparent from what has been explained, 
that it would be more correct to designate bodies as good and bad 
conductors in various degrees, than as conductors and noncon- 
ductors.* There exists no body which, strictly speaking, is either 
an absolute conductor or absolute nonconductor. 

500. If two insulated conductors, one of which is charged with 
electricity, and the other in its natural state, be brought into 
contact, the electric fluid diffused on the former will spread itself 
over the surface of both, and its intensity at any point will be less 
in proportion to the magnitude of the surface over which it is 
diffused. 

501.. If a conductor charged with electricity be put into con- 
nection with the earth by a chain or wire carried from the con- 
ductor to the ground, the electricity will diffuse itself over the 
entire earth in common with the cfuuluctor, but as the magnitude 
of the earth is iiilinitely greater than that of the conductor, the 
result will be that the conductor will retain no sensible portion of 
electricity, and it will in effect be reduced to its natural state. 

502. Oil this account the earth is said to be the common reser- 
voir to which all electricity has a tendency to escape, and to which 
in fact it docs escape, unless its passage be intercepted .by non- 
conductors fir insulators. 

503. If several different conductors be simultaneously placed 
in contact with an insulated electrified conductor so ns to ibriii a 
communication between it and the grouml, the electricity will 
always escape by tiic best conductor. Thus, if a metallic chain 
or wire be hehl in the hand, one end touching the grouml, and the 
other being brought into contact with the conductor, no part of 
the electricity will pass into the liand, the chain being a better 
conductor than the flesh of the haml. Rut if, while one end of the 
chain touch the conductor, the other be separated from the ground, 
(hen the electricity will pass into the hand, and will be rendered 
sensible by a convulsive shock. 

504*. If a body a, charged with electricity cf either kind, be 
Drought into proximity with another body b in its natural state, 
the fluid, with which A is surcharged, will act by attraction and 
repulsion on the two constituents of the natural electricity of b ; 
attracting tliat of the contrary, and repelling that of the same 
kind. This elfoct is precisely similar to that produced on the na- 
tural magnetic fluid in a piece of iron, when the pole of a maguct 
is presented to it, as will be explained hereafter. 
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504. If the body n in^is case be a nonconductor, the electric 
fluid having no free mobility upon its surface, its decomposition 
will be resisted, and the body b will continue in its naturid state, 
notwithstanding the attraction and repulsion exercised by a on 
the constituents of its natural electricity. But if b be a conductor, 
the fluids having freedom of motion on its surface, the fluid similar 
to that with wUch b is charged will be repelled to the side most 
distant from b, and the contrary fluid will be attracted to the side 
next to B. Between these regions a neutral line will separate 
those parts of the body b, over which the two opposite fluids are 
respectively difiused« 

505. Induction is the action of an electrified body exerted at 
a distance upon the electricity of another body, and is evidently 
analogous to that which produces similar phenomena in the mag- 
netic bodies. 

506. The effect pf induction upon a series of conductors in their natural 
state is illustrated in a53.,.whcre c is a conductor, supposed to be charged 
with positive electricity. This electricity acts by induction upon the natural 
electricity of the conductor ab, attracting the negative, and repelling the 
positive fluid, so that the negative fluid collects at the end a, nearest to c ; 
aud the positive is repelled to the end n, most remote from c. The positivo 
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fluid thus repelled to acts in the same mann^ upon the natural electricity 
of the insulated conductor a' b'» collecting the negative fluid at the end a', 
and repelling the positive fluid to end This positive fluid, thus collected 
at b', reacts in like manner upon the natural electricities a" b", and so on. 

I%aU cases whatever, the conductor, whose electrical state has 
l)cen changed by the proximity of an electrified body, returns to 
its primitWc electrical condition when the disturbing action of 
such body is removed ; and this return is either instantaneous or 
gradual, according as the removal of the disturbing body is in- 
stantaneous or gradual. 

507. It appears, therefore, that sudden and violent changes in 
the electrical condition of a conducting body may take place, 
without either ithparting to or abstracting from such body any 

.. portion of tlcctrlchy. The electricity with which it is invested 
before the inductive action commences, and after such action 
ceases, is exactly the same ; nevertheless, the decomposition and 
recomposition of the constituent fluids, and their motion more or 
less sudden over it and through its dimensions, are productive 
often of mechanical efiects of a very remarkable kind. This is 
especially the case with imperfect conductors, which offer more or 
less resistance to the reunion of the fluids. 

508. If one of the conductors (Jig^ 253.) a b, for example, be 
replaced by the body of a living animal, such as a frog, the natural 
electricity of the body of the animal will be deconi [)Osed in the 
same manner as that of the conductor. If, under these circum- 
stances, the electrified conductor c be suddenly removed, the 
electricities positive and negative which had been decomposed in 
the body of the frog will suddenly reunite, and produce an electric 
shock, which will be attended by a convulsive motion of the limbs 
of the animal, 

509. A like result will ensue if a person stand close to a con- 
ductor strongly charged with electricity. When the conductor is 
suddenly discharged he will be sensible of a shock resulting from 
the recomposition of the natural electricity of his body. 

510. An electricul machine is an apparatus, by means of which 
electricity is developed and accumulated, in a convenient manner 
for the purposes of experiment. 

All electrical machines consist of three principal parts, the rub- 
ber, the body on whose surface the electric fluid is evolved, and 
one or more insulated conductors, to which this electricity is trans- 
ferred, and on which it is accumulated. 

511. The rubber is a cushion stufled with hair, bearing on its 
surface some substance, which by friction will evolve electricity. 
The body on which this friction is produced is glass, so shaped 
and mounted as to be easily and rapidly moved against the rubber 
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with a continuous motion. This object is attained by giviii^r th»i 
glass the form cither of a cylinder revolving on its geometrical axis, 
or of a cij'cular plate revolving in its own plane on its centre. 

512. The conductors are bodies having a metallic surface and a 
great variety of shapes, and always mounted on insulating opillars, 
or suspended by insulating cords. 

513. The common cylindrical machine. — A hollow cylinder of 
glass A B, Jig. 254., is supported in bcarftigs at c, and made to 
revolve by means of the wheels c and i> connected by a band, a 
handle r being attached to the greater wheel. 

Tho cushion n. represented separately in fitf, 255., is mounted on a glass 
pillar, anti pressed with a regulated force against the cylinde^ by means of 
springs fixed behind it. A chain K^Jig. 254., connects the t^usliioli with tho 
ground. A finp cf black silk equal in width to tho cushion covers it, and is 
carried ove»* the cylinder, terminating above the middle of the cylinder on 
the opposite side. 



Fig. 154 - 



Fig- W- 


The conductor is a cylinder of thin brass m n, tho ends of which are parts 
of spheres greater than heiiiisphcrc.s. It is 8upi>ortcd by a glass pillar o v. 
To the end of the conductor next the cylinder is attached a row of points 
represented separately in Jig. 256., wliieh are pre- 
sented close to the surface of tho cylinder, but 
without touching it. The extent of this row of 
points corresponds with that of the lubbcr. 

As the efficient performance of the machine 
depends in a great degree on the good insulation of 
the several parts, and as glass is peculiarly liable 
to collect moisture on its surface, which would impair its insulating virtue, it 
is usual to cover the insulating pillars of fhe rubber and conductor, and all 
that part of the cylinder which lies outside the cushion and silk flap, with a 
coating of resinous varnish, which, while its insulating property is more per- 
fect than that of glass, oflers les-s attraction to moisture. 

To explain the operation of the machine, let us suppose that the ^linder 
is made to revolve by the handle r. Positive electricity is developed upon 
the cylinder, and negative electricity on tho cushion. The latter posses by 
the conducting chain <0 the ground. The former is carried round under the 
flap, on the surface of the glass, until it arrives at the points projecting from 
file conductor There it arts by induction on the natural electricity of the 
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condiictor« attimcting the negative electricity to the points and repelling the 
podtive fluid. The negative electricity issuing from tlie points combines 
with and neutralises the positive fluid diffused on the cylinder, the surface 
of which, after it passes the points, is therefore restored to its natural state, 
so that when it arrives again at the cushion it is prepared to receive by 
friction a fresh charge of the positive fluid. 

It is apparent, therefore, that the effect produced by the operation of this 
machine is a continuous decomposition of the natural electricity of the con* 
ductors, and an abstraction from it of just so much negative fluid as com- 
pensates for that which escapes by the cushion and chain to the earth. The 
conductor is thus as it were drained of its negative electricity by a stream of 
that fluid, whicii flowing constantly from the points passes to the cylinder, 
and hcncu by the cushion aii<l ciiaiii to the earth. The conductor is there- 
fore loft surcharged with positive electricity. 

514. Electrical machines liavc been constructed in a great 
variety of forms. That known as Nnirne'jt is shown 257. 



Fin ^57. 

In this case there arc two prime conductors, one of which, n, 
rcceivcB positive electricity from tlie glass cylinder, and the oilier, 
C, ncgiitivc electricity from the cushion. 

;i 5. Another form, called ihc common plate machine^ represented 
in Jig». 258, 259., consists of a circular plate of glass rubbed 
against cushions hy being made to revolve in contact with them. 
The decomposition of the electric fluid takes place in the same 
manner ns above ileseribctl, and the ])ositivc fluid is taken from 
the glass and carried uif by one eoiuluctor, while the negative 
fluid passes to the earth by a chain. 

In the arrangoment shown in fig. 258., Hie rod xx' lieing in contact with 
tho cushions receives nfgativo elfotrioity, which is collected upon the ball o, 
and the rod t' positive electricity, which passes to the ground by a chain. 
In the arrangement shown in AV* ^59 * Ike contrary, positive electricity is 
received by the ball o' from the glass, while the negative electricity pi*oc^4 
to the ground by the chain. 



PJJ^TE MACHINES. 


m 



I'ijf. zsy. 

516. Jlamsdetis jilalc machine, — One of the earliest electric 

apparatus of this form is represented z6o. 

The large glass plate <:, is mounted between wooden supports. M and 
turned by a handle x. It is prcsscil bt tween two pairs of rubbers, cc. In 
the direction of its horizontal diameter it passes between two curved bra^s 
tubes i> d', which collect tlie electricity from it by points in the usual w*ay. 
These arc connected with two large conductors n supported on insulat- 
ing pillars r p, aud connected at the remote end \>y a cylindrical tube, from 
tlte middle of which auother tube £ procec<U at right angles, terminated ix* u 
iviiob. 

After what lias been explained of the otlicr machlnea the theory 
of this will be readily understood 

517. UischarfftTiff rods, — Since it is frequently necessary to 

o z 


194 


ELECTRICITY. 



I Ig. ifo. 


observe the olleets of points and spheres, pieces such as figs, 261, 
262., are provided, to be inserted in holes in the conductors; also 
inetiillie balls, figs, 263, 264., attached to i^lass handles for cases 
in which it is desired to annlv a conductor to an electrified body 
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Fig. ib%. 
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wilhoui allowing; the electricity to pass to the hand of the operator. 
^Vith these rods the electricity may be taken from a conductor 
^adually by small portions, the ball taking by each contact only 
such a fraction of the whole charge as corresponds to the ratio of 
the surface of the ball to the surface of the conductor. 
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518. To establish a temporary connection between two con- 
\luctors, or between a conductor and the ground, the jointed dis- 
chargers, Jigs. 265, 266., are useful. The distance between tlie 


rip. i66. 

balls can be regulated at pleasure by means of the joint or hinge 
by which the rods arc united. 

519. The universal discharger, an instrument of considerable 
convenient and utility in experimental researches, is represented 
267. 

It consists of a wooden tabic to which two glass pillars a and a' arc at- 
tached. At the summit of these pillars are fixed two brass joints capable of 

revolving in a horizontal phitic. 
To these joints are altaclied 
brjiss rods cc\ terminated by 
balls i>d', and having glass 
handles K k/. These rods play 
on joints at b n', by whiVh 
they can be moved in vertical 
planes. 

Tlie balls d n^are applied to 
a wooden tabic snstaiiieil on n 
I»illar capable of having its 
J'i.'. 167, lieig? t adjusted by a screw T. 

On the table is inlaid a long 
narrow strip of ivory, extending in the direction of the balls i> i/. These 
balls i> 1/ can be uiist rewed, and one or both may be replaced by forc< i>s, by 
which may be held any substance through which it is desired to transmit the 
electric cliarge. One of the brass ro<ls c is connected by chain or a wire with 
the source of electricity, and the other with the ground. 

The electricity is transmitted by bringing the balls i> d' with the sub- 
stance to be operated on betvircen them, within such a distance of ein li other 
as will cause the charge to pass from one to the other through Ihc intr4Hhiccd 
substance. 

520. The condenser is in electricity what the iiiicr<»scopc is in 
optics. It enables the observer to detect charges of electricity 
too minute to be sensible to any ordinary tests, by nccumulatiiig 
the electricity in greater quantities, just as thc' microscope magni- 
tics the apparent diameter of a visible object. 

The condenser consists of two circular plates of metal of equal size placed 
face to face w'itk a thin coating of some non-conducting substance between 
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tliem. One, called the condensing fdatcp is connected with the earth, and the 
other, called the collecting plaie^ is supported on an insulating pillar, and 
provided with means by which it can be placed in metallic connection with 
the body whose electrical state is under examination. Let us for brevity 
mil the condensing plate a, and the collecting plate b, and let us suppose 
them to be mounted as shown in Jig, 268., d being supported on a gloss pillar, 
and provided with a metallic hook i>, by which it can 
bo put in communication with the body whose elec* 
tricity is under examination ; and a supported on a 
pillar provided with a hinge, by which it can be 
brought near to or removed fVom u at pleasure. Let 
us suppose also that the surface of one of these plntcs 
is coated with a thin varnish of resin or other in- 
sulating substance. 

Let u be now put in metallic communication with 
a body feebly charged with positive electricity, for 
example. This electricity will be shared by the col- 
lecting plate B, and when the condensing plate A is 
brought into contact with the resinous boating of 11, 
the electricity of b will act by induction on the natural electricity of a, anti 
will decompose it, attracting the negative fluid and repelling the positive 
fluid to the earth. The negative fluid thus collected upon A will react by 
induction, not only on the positive fluid difltised over n and the body with 
which it is coimoctod, accumulating it in a greater quantity upon n, l>ut will 
also docompoao the natural cdectrlcity of n, repelling the negative fluid to- 
warils the body witli which B is connected, and attracting the positive fluid. 
In this way by reciprocal inductive action maintained between the plates A 
and », a vast quantity of positive electricity will bo collected upon the plate 
11, proceeding partly from its original charge, but much more from the de- 
composition by induction of the natural electricity of n, and the body witli 
which it is connected. 

When this effect has been produced the plate n may bo disconnected with 
the body under examination, and then the condensing plate a may be re- 
moved, in which case the plate n will bo strongly charged with positive 
electricity. 

A strong charge can thus be produced upon the plate n, by means of the 
most fbeble charge of the same electricity upon the body with which n is 
put in contact. 

5x1. So long ns the plate A is maintained in contact with n, the electricity 
with which it is charged by the inductive action of n will be iti a peculiar 
state, which will prevent its escape from A to any other conductor with which 
A may bo put in metallic connection. The electricity in this state is there- 
fore said to be dheimulaied or latent^ and it is rendered free only when A is 
removed from B. 

522. The eleetrophortie is an expedient by which a small charge 
of free electricity may be made to produce a charge of indefinite 
.(^mounti which may be imparted to any insulated conductor. 

Tills instrument consists of a circular cake, composed of a mixture of shell- 
lac, resin, and Venice turpentine, cast in a tin mould a (^Jig, 2691). Upon 
this la laid a circular met^c disc b, rather less in diameter than A, having 

a gloss handle. 
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Before appl3riiig the disc b, the resinous surface is electrified negatively by 
striking it several times with the fur of a cat* The disc n being then ap- 
plied to the cake a, and the finger being at the same time pressed upon the 
disc B (Jig. to establish a communication with the ground through the 

body of the operator, a decomposition takes place by the inductive action of 
the negative fluid on the resin. The negative fluid escapes from the disc b 
through the body of the operator, and a positive charge remains, which is 
prevented from passing to the resin partly by the thin film of air which will 



Fig. 169. 

always remain between them, and partly by the non-conducting virtue of 
the resin. 

When the disc n is thus charged with positive electricity kept latent on it 
by the influence of the negative fluid on A, the finger being previously m- 
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moved from the disc b, let it be raised from the resin, and the electricity upon 
it, before dissiniulated, will become free, and may be imparted to any insu- 
lated conductor adapted to receive it. (^Fig, 170.) 

The charge of negative electricity remaining an<liminiBhed on the resin A, 
the operation may be indefinitely repeated ; so that an insulated conductor 
may be charged to any extent, by giving to it the electric fluid drop by drop 
thus evolved on the disc n by the inductive action of a. 

This is the origin'of the name of the apparatus. 

523. Electroscopes in general consist of two light conducting 
bodies freely suspended, which hang vertically and in contact, in 
their natural state. When electricity is imparted to them they 
repel each other, the angle of their divergence being greater or 
less according to the intensity of the electricity. These elcctro- 
sGopic substances may be charged with electricity either by direct 
commuiiicatioii with the electrified body, in which case their elec- 
tricity will be similar to that of the body ; or they may be acted 
upon inductively by the body under examination, \jx which case 
their electricity may be citlior similar or difTercnt from that of the 
body, according to the position in which the body is prosented to 
them. In some cases the electroscope consists of a single light 
conductor, to which electricity of a known species is first imparted, 
and which will be attracted or repelled by the body under ex- 
amination when presented to it, according as the electricities arc 
unlike or like. 

Tlieso instruments vary infinitely in form, arrangement, mode 
of application, and .sensitiveness, according to the circumstances 
under which they are placed, and the intensities of the electricities 
of which they are expeoted to delect the presence, measure the 
intensity, or indicate the qualify. In electroscopes, as in all other 
instruments of physical inquiry, the most delicate and sensitive 
are only the most advantageous in those cases in which much deli- 
cacy and precision arc required. A razor would be an iiiofrectual 
instruuicni for felling timber. 

524. Quadrant electrometer, — This instrunicnt, whicli 13 generally usod as 
an iiuliratnr on the cuiulncturs of electrical inachinos, 
consists of a pillar A n, /!/;. 271., of any conducting sub- 
stance, terminated at the lower extremity by a ball n. 
A rod, also a ctuiductor, of about balf the Icngtli, termi- 
fiated by a small ]uth ball i>, plays on a centre o in a 
vertical plane, having liehind it an ivory semicircle gradu- 
ated. When tlic ball b is charged with electricity, it 
repels the pith ball d, and the angle of repulsion mea- 
sured on tliu graduated arc supplies a rough estimate of 
tho intensity of the electricity. 

525. Gold leaf electroscope, — A glass cylinder A n c P, 
Jig. 27a., is fixed on a brass stand £, and closed at the top 
by a circular plate a d. The i>ras3 top o is connected by 
a metallic red with two slips of gold leaf, of two or three 





Iipcomin'^ charged with it iiulicatc its presence, niid in some degree its inten- 
sity, by their divergence. On tlic sides of tlie glass cylinder opposite the 
gold leaves are attached strips of tinfoil, cominiinicating with the ground. 
When the leaves diverge so much as to toucli the sides of the cylinder, they 
give up their electricity to the tinfoil, and are diBchargo<l. This instrument 
may also be affected inductively- If an electrified body u, *73-* Iks 
brought near to the knob a, its natural electricity will be decomposed ; the 
fluid of the same name as (liat with which the body is charged will Ins 
repelled, will accumulate in the gold leaves e e\ and will cause them to 
diverge. 

526. The condensing electroscope is an instrument which 
hris the same analogy to the common electroscope, as 
tlie compound has to the simple microscope. An elec- 
troscope with such an appendage is represented in /ig. 
274. The condenser is screwed on the top, the condensing 
plate communicating with the electroscope, and the col- 
lecting plate being laid over it. When the collecting plate 
is put into communication with the source of electricity to 
be examined, a charge is produced by induction in the con- 
densing plate under it, and a charge of a contrary name is 
collected in the electroscope, the leaves of which will 
div^erge, in this case, with an electricity similar in name to 
that of the bo<1y under examination. 

The instrument and the manner of experimenting with it is represented oa 
a larger scale in Jigs, 275. and 276. 
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527. The Leyden jar is an instrument of great use in electrical 
investigations, the principle of which is in all respects 
similar to that of the condenser. It is usually con« 
structed in the form of a cylinder a 277., with, 
a wide mouth and a llat bottom. The internal and 
external surfaces of the jar up to a certain height, c, 
are each coated with tinfoil, and the glass above c is 
improved in its insulating property by coating it 
with varnish of gumlac. A metallic rod terminated 
ill a bull, D, descends into the jar, and is. fixed in 
contact with the inner coating. 

Now lot ns suppose that the outer coating is put into com- 
munii'ation with tho ground by means of a metallic chain,, 
while tiio knob, i>, is put in communication with the prime 
conductor of an electrical machine ; the inner coating being charged with 
electricity from the prime conductor, and the outer coating communicating 
with the ground. The glass interposed between tlteni exercises a mutuid 
action, precisely similar to that of the collecting and condensing plates of 
the condenser already described. The outer coating of the air corresponda 
to tho condensing plate, and its inner coating to the collecting plate ; and it 
will be easily understood that by this means a charge of electricity of great 
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Strength is attracted firom the prime conductor and retained by induction in 
the jar. This being the case» let us suppose that the conn^tion betvrecn 
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the knob d and the prime conductor is removed^ and the knob d is put in 
metallic communication with the external coating of the jar. Immediately 
the positive electricity on the inside of the jar will be attracted by tlie nega- 

\ 
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tive electricity outside, the two fluids will rush to each other, and electric 
equilibrium will be established. 

528. The combination of the two contrary fluids may be made 
to pass through any intermediate body having suflicient conduct- 
ing power to allow of their transit. If such an intervening body 
be that of an animal, an electric shock wdll be produced by the 
transit of the fluids. 

One of the methods of charging a jar is shown in yiy. 278., where the hand 
and body of the operator are the means by which the external coating is put 
into comiiuinication with the earth, while the internal coating is put into 
communication with the prime conductor c by means of a bent rod. 

529. One of the methods of discharging a jar which has been 
charged in the manner described above by means of a jointed dis- 
charging rod, is shown in 279. 

. 530. An interesting mctho<l of discharging ajar is shown in Jig, 280. 

'i'lio rod which enters the jar has attached to the top of it a small bell, i, 
placed near the bottle. On a convenient stand is a nictallic rxl rnpporting 
a similar bell k, level with i, and an electric peiidiiluni consisting of a small 
copper ball suspended by a silken thread hangs between tMe two bells, so 

that it can be attracted 
and repelled by the one 
and tl)0 Ollier. Sup> 
posing tlie jar to bo 
charged, and its ex- 
ternal coating con- 
nected with r by a 
conductor e, and the 
stand to bo insulated, 
the free part of the po- 
sitive electricity on the 
interior of the jar will 
attract tlio copper ball, 
which will strike the 
hell X ; and becoming 
charged with positive 
electricity, will be re- 
pelled by T, and at- 
tracted by E ; it will, 
therefore, strike against 
K, and will impart to it 
the positive electricity, 
and receive from it a 
charge of negative elec- 
tricity, proceeding from 

the outside coating of 
the jar through the pil- 
lar r. The copper ball 
being negatively elcc- 
'tritloil, will then be rei>ellcd by b and attracted by i, against which it will 
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Strike and will convey to the interior of the jar the negative fluid which it 
carries, receiving in exchange an equal charge of positive fluid. In this way 
the pendulum will continue to oscillate until the jar is discharged. 

531. The metallic coatings of the jar have no other effect than 
to conduct the electricity to the surface of the glass, and when 
there to afford it a free passage from point to point. 

532. To determine where the electricity resides, it is only ne- 
cessary to provide means of separating the jar from the coating 
afler it has been charged, and examining the electrical state of 
the one and the other. 

For this purpose let a glass jar 11, Jig, 281., be provided, having a loose 
cylinder of metal c lilted to its interior, which can bo placed in it or w'itli- 
drawn from it at plea^^urc, and a similar loose cylinder a lit ted to its exterior. 
The jar being placed in the external cylinder A, and the internal cylinder o 
being inserted in it, as shown at n, let it bo charged with electricity b}’ the 
machine in the nianncr already described. Let the internal cylinder be then 
removed, and let the jar he raised out of the external cylinder. The two 
coalings, being then tested by an clcctroscopic apparatus, will bo found to 
be ill their natural state. lint if an electroscope bo brought within the 



Fig. iSi. 

influence of the internal or external surface of the gloss jar, it will betray 
the presence of the one or the other species of electricity. If the glass jar 
be then inserted in another metallic cylinder made to fit it externally, and a 
similar metallic cylinder made to fit it internally be inserted in it, it will be 
found to be charged as if no change had taken place. On connecting by 
metallic communication the interior with the exterior, the opposite electri- 
cities will rush towards each other and combine. It is evident, therefore^ 
that the seat of the electricity, when a jar is charged, is not the metallic 
coating, but the surface of the gloss under St. 

333. In charging a single jar, an unlimited number of jars, con- 
nected together by conductors, may be charged with very nearly 
the same quantity of electricity. 

For this purpose let the series of jars be placed on insulated stooli^ as re- 
presented in 282., and let o be metallic chains connecting external 
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cuating of each jar with the 
internal coating of the suc- 
ceeding one. Let d be a 
chain connecting the first 
jar with the conductor of 
the machine, and i>' another 
chain connecting the last jar 
with the grountl. The elec- 
tricity conveyed to the in- 
ner coating of ther first jar a acts by induction on the external coating of 
tiic first jar, attracting the negative electricity to the surface, and repelling 
the positive electricity through the chain c to the iir.er coating of the 
aecoiid jar. This charge of positive electricity in the second jar acts in 
like manner inductively on the external coating of this jar, attracting the 
negative electricity there, and rcpelli ig the f)ositive electricity through tlic 
chain o to tlie internal coating of the third jar; and in the same manner the 
internal coating of every succeeding jar in the series will bo charged with 
positive electricity, niul its external coating with negative electricity. If, 
while the scries is insulated, a discharger be made to connect the inner coat- 
ing of the first with the outer coating of tlio last jar, the opposite elcctri- 
fitics will rush towards each other, and the scries of jars will be restored to 
their natural state. 


534. AVluni aevonil jars aro thus combined to obtain a more 
energetic disebarge than eould be formc«l by a single jar, the 
system is called an vlrctrie battery^ and the method of charging it, 
e.xpluined aliove, is called vhartring by cascatle, 

535 ' clrctric battery, — It is not always convenient, 

however, to ]>raetiso this me- 
thod. The jars composing tl 
battery are commonly pla‘ 
in a box, as represented ... 
/iyr^ 283., coated on the inside 
with tinfoil, so ns to form a 
met all tc communication be- 
tween the external coating of 
1 iS;. all the jars. The knobs, which 

cuminiinicate 'with their in- 
ternal coating, are connected by a series of inctalllc rods in the 
manner represented in the figure ; so that there is a continuous 
mctallitr couimuiiicatiou between all the internal coatings. If the 
metallic rods which thus communicate with the inner coating be 
placed in communication with the conductor of a maehinc, while 
tlie box containing the jars is placed in metallic communication 
with the enrtli, the battery will be charged according to the prin- 
ciples already explained in the case of a siii^^le jar, and the force 
of its charge will be equal to the force of the charge of a single 
jar, the magnitude of whose external and internal coating would 
be equal to the sum of the internal and external coatings of all the 
jars coinpoauig the battery 284. 





537* electrical hlow-ptpc consists of a nitlallic pfunt pro- 
jectinpr from the conductor of a macliino, from which an electric 
current issues, tho effect of which is to electrify and repel the 
surrounding^ air, thus producing* a current of air directed from tho 
point so strong as to affect the flame of a candle, and oven to blow 
it out. 

This experiment may be made by placinir the candle upon the conductor 
and presenting to its flame a metallic point, from which a stream of negative 
electricity will issae, so as to produee a similar current of air,^^. 287. 


538. When the electric charge is transmitted through an im- 
perfect conductor, remarkable mechanical effects are produced, 
the fluid in forcing its way through the conductor often piercing 
or bursting it. 
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539. A iiietlioil of exliiLiitiii;^ this effect is represented in fig. 288. The 
claiii A commuiiicntcs with the outside coatin|p of the jar. The card c is 
plaped in^uch a position that two metallic points touch it on^opposito sides, 
toriiiiiuitiii^ near each other. The pillar o, being glass, intercepts the elec- 
tricity« The ball of the discharger, being put in communication 'with the 
inside coating of the jar, is brought into contact with tho ball v, so that the 
two points which are on opposite sides of the card, being in connection with 
tho two coatings of the jar, are charged ivith contrary fluuls, which exert 
on each other such an attraction that they rush to each other, penetrating 
the card, which is found in this case pierced by a hole larger than that 
produeeil by a cominon pin. 

It is romarknblo that the burr produced on the surface of the canl Is in 
til is case convex on both ns if tho matter produqjiig the hole, instead 
of passing through tho card from one side to tho other, had either issued 
from the mitldle of its thickness, emerging jit each surface, or as if thcro 
were two distinct prevailing substances passing in contrary directions, each 
elevating the edges of tho orifice in issuing from it. 

Tho accordance of this effect 'with the hypothesis of two fluids is apparent. 

540. A rod of wood half an inch thick may bo split hy a stiong chargo 
transmitted in tho direction of its fibres, and other imperfect conductors 
pierced iiiHho same manner. 

If a leaf of waiting paper be placed on the stoge of the discha^er, the 
electricity passed throtigh it will tear it. 

The chargo of a jar will ycnetnite glass. An apparatus fpr exhibiting thia 
effect is shown in Jig. 289. It may also be exhil^tod by transmitting the 
charge through the side of a phial, /y. 290. 


Fifi. igr'. 








ELECTRICAL BELLS. —DANCING FIGURES. *07 

A ktiong charge pa-wed through water, scatters the liquid in all directions 
aroond the points of discharge, 291. 

541. The alternate attraction and repulsion of electrified conductors is 
prettily illustrated by the tleetrical bdU, 




A D and c D, flg . 292., are two metal rods supported on a glass pillar. 
From the ends of these rods four bells Jtf 1/ c' d' are suspended by metallic 
chains. A central bell o is supported on the wooden sfand whicli sustain^ 
the glass pillar k f, and this central bell communicates by a chain with the 
ground. From tho transverse rods are also suspended, by silken threads, four 
amall brass balls 11. The transverse rods being put in communicatfon with 
the conductor of an electrical machine, the four bells a' d' c' d' become charged 
with electricity. They attract and then repel Che balls 11, which whert repelled 
strike the bell o, to which they give up the electricity they received by contact 
with the bells a' b' d d*, and this electricity passes to the ground by the 
chain. The bells will thus continue to be tolled as long os any electricity 
is supplied by the conductor to the bells a' n ' d d, 

542. Let a metallic point bo inserted Into one of the holes of the prime 
conductor, so that, in accordance with what has been eitplained, a jet of 
electricity* may escape from it when the conductor is electrified. Let this jet, 
while the machine is worked, be received on the interior of a glass tumbler 
by which the surface of the glass will become charged with electricity.'*^ 

If a number of pith balls be laid upon a metallic plate communicating 
with the ground, and the tumbler be placed with its mouth upon the plate, 
including the Mia within it, the balls will begin immediately leaping 
violently from the metal and striking the glass, and this action will continue 
till aR the electricity with which the glass was charged has been carried 
away. 

This is explaidld 6 n the same principle as the feniior experiments. Tlie 
balls are attracted by the electricity of ihe glass, and when electrified by 
contact, are repelled. They give up their electricity to the metallic plate, 
firom which it passes to the ground; and this prooem continues until no 
electricity remains on the glass of sufficient strength to sittract the balls. 

543. I^t a disc of pasteboard ok wood, coated with metallic foib be 
suspended by wires or threads of linen from the prime conductor of an 
electrical machine, and let a similar disc be placed upon a aland capable of 
being adjusted to any required height. Lot this latter disc be placed imme- 
diatelj under the former, and let it have a metallic communication with the 
ground. Upon It place small coloured representations in paper, of dancing 
figures, which are prepared for the purpo^ When the madiirie Is woiked, 
the electricity with which the upper diset^will be charged will attract tfie 
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light figares placed cn the logNrcr diae^ which will leap upwards ; and after 
touching the upper disc and being electiifted^ will be repelled to the lower 
disc* and this jumping action of the figures will continue so long as the 
machine is worked. An electrical dance is thus exhibited for the amusement 
of young persons. 

544. Let a small metallic bucket 293.9 be suspended from the prime 

conductor of a machine, and let it have 
a capillary tube o i> of the syphon form 
immersed in it ; or let it have a capillary 
tube inserted in the bottom ; the bore of 
the tube being so small that water 
cannot escape from it by ii% own pres- 
sure. When the machine is put in 
operation, the particles of water, becom- 
ing eleclrified, will repel each other, and 
immediately an abundant stream will 
issue from the tube ; and as the particles 
of water after leaving the tube still 
exercise a reciprocal repulsion, the 
stream will diverge in fine form of a 
brush. 

If a sponge saturated with water be 
suspended from the prime conductor of the machine, the water, when the 
machine la first worked, will drop slowly from it; but when the conductor 
becomes strongly electrified, it will descend abundantly, and in the dark will 
exhibit the appearance of a shower of luminous rain. 

545. ^ Let A piece of sealing-wax be attached to the pointed end of a 
metallic rod ; set fire to the wax, and when it is in a state of fusion blow out 
the flame, and present the wax within a few inches of the prime conductor 
of the machine. Strongly electrifled myriads of fine filaments will issue 
from the wax towards the conductor, to which they will adhere, forming a 
sort of network resembling wool. This effect is produced by the positive 
elocfHcity of the conductor decomposing the natural electricity of the wax ; 
and the latter being a conductor when in a state of fusion, the negative 
electricity is accumulated in the soft part of the wax near the conductor, 
while tho positive electricity escapes along the metallic rod. The particles 
of wax^ tints negatively electrifled, being attracted by the conductor, are 
drawn into the filaments above mentioned. 

5 46. a 294. is a small strip of wood covered over with silvci 

leaf or tinfoil, insulated on c like a balance. 
A slight preponderance is given to it at a, 
so that it rests on a wire having a knob m 
at its top ; /> is a similar metal ball insu- 
Fif. api. lated. Connect p with the interior, and m 

with the exterior coating of the jar, charge it, and the see-saw 
motion of a h will commence from causes similar to those which 
excited tho movements of the pith balls. 

547. The transmission of electric discharges through imperfect 
conductors, or even through comparatively perfect ones, is attended 
with a certain development of heat. 
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If a piece of wire of several Inches in l^gtU be placed upon the sta^ 
of the universal discharger, a feeble charge transmitted through it 
sensibly raise its temperature. By increasing the strength of the charge, its 
temperature may be elevated to higher and higher points of the thermo- 
metric scale ; it may be rendered incandescent, fused, vaporised, and, in fine, 
burned. Van Marum fused pieces of wire above 70 feet in length. 

548. The worst conductors of electricity, such os platinum and 
iron, suffer much greater changes of temperature by tlio same 
charge than the best conductors, such as gold and copper. Tlio 
charge of electricity, which only elevates the temperature of one 
conductor, will sometimes render another incandescent, and will 
volatilise a Uiird. 

If a fine silver wire be extended between the rods of the ^mivcrsal dis- 
charger, a strong charge will make it bum with a greenish fiainc. It will 
pass off in a greyish smoke. Other metals may be similarly ignited, each 
producing a^anie of a peculiar colour. If the experiments bo made in a 
receiver, the products of the combustion, being collected, will prove to be the 
metallic oxides. If a gilt thread of silk be extended between the roils of tho 
discharger, the electricity will volatilise or bum the gilding, without afTcting 
the silk. Tlie effect is too rapid to allow the time necessary for tho heat to 
afiect the silk. 

A strip of gold or silver leaf placed betw'een the leaves of paper, being 
extended between the rods of the discharger, will be burnt by a discharge 
from a jar having two square feet of coating. Tlio metallic oxide will in this 

case appear on the paper as 
a patch of purple colour In 
the case of gold, and of 
grey colour in that of sil- 
ver. 

549. Ether or alcohol 
may be fired by passing 
through it an electric dis- 
charge,y?^. ^95. 

5 50. If the conductor 
of an ordinary electric 
machine while in ope- 
ration be connected 
with the ground by a 
thick metallic wire, the 
current of the fluid 
*95. which flows along the 

wire to the ground will not be sensibly luminous ; but if tho 
machine be one of great power, such, for example, as the Taylerian 
machine of Haarlem, an iron wire of 60 or 70 feet long, com- 
municating with the ground and conducting the current, will 
be surrounded by a brilliant light* The intensity of the eJ«- 
tricity necessary to produce this eflecty depends altogether on ttUB 
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properties of the medium in which the fluid moves. Sometimes 
electricity of feeble intensity produces a strong luminous effecti 
while in other eases electricity of the greatest intennty develops 
no sensible degree of light. 

551. The luminous phenomenon called the electric spark does 
not consist, as the name would imply, of a luminous point which 
moves from the one body to the other. Strictly speaking, the 
light miinifests no progressive motion. It consists of a thread of 
lighty which for nn instant seems to connect the two bodies, and in 

general is not extended between 
them in one straight unbroken di- 
rection like a thread which might 
be stretched tight between them, 
but has a zigzag form, resembling 
more or less the appearance of 
lightning, 296. ,, 

If thn part of either of the bodies which Is presented to the other have the 
form of a point, the electric fluid will escape, not in the form of a spark, but 
ns nn aiffreite, or brush light, the diverging rays of which sometimes have 
the length of two or threo inches. 

552. If the knuckle of the Anger or a metallic ball at the end 
of u rod lield in the hand be presented to the prime conductor of 
a nmehine in operation, a spark will be produced, the length of 
which will vary with the power of the machine. By the length of 
the eptirh must be understood the greatest distance at which the 
spark can be transmitted, 

A very powerful machine will so charge its prime conductor 
that sparks may be taken from it at the distance of 30 inches. 

553. Since the passage of the electric fluid produces light wherever 
the inetallic continuity, or more generally wherever the continuity 
of the conducting material is interrupted, these effects may 
be multiplied by so arranging the conductors, that there shall be 
interruptions of continuity arranged in any regular or desired 
manner. 

554. If a niimbor of metallic l>eads be strung upon a thread of silk, each 
bond being separateil from the adjacent one by a knot ou the silk so os to 
break the contact, a current of electricity sent through them will produce a 
aeries of 8pa^k^ a separata spark being produced between every two succes- 
sive beads. By placing one end of such a string of beads in contact with 
the conductor of the machine, and the other end in metallic communication 
with the ground, a chain of sparks can be maintained so long as the machine 
is worked. The beads may be disposed so os to form a variety of fancy 
designs, which will appear in the dark in dioracters of light. 

Similar effects may be produced by attaching bits of metallic foil to gloss. 
Sparkling tubes and plates are contrived in this manner, by which amusing 
experiments are exhibited. A gloss plate is represented in fg. by 
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which a word is made to appear in 
letters of light in a dark rooiit. Tho 
letters are formed by attaching lozenge- 
shaped bits of tinfoil to the glass, dis- 
posed in the proper form. In the same 
maiinir designs may be formed on tho 
Fig. a97. inner surface of gloss tubes, or platest 

or, in fine, of glass vessels of nnr* form. 

In these cases the luminous characters may bo made to appear in lights of 
various colours, by using siiangles of difiereut metals, since the colour of tho 
spark varies with the metal. 

555. When the electric fluid passes through nir, the brilliancy 
and colour of the light evolved depends on the density of the air. 
In rarefied air the light is more diffused and less intense, and ac- 
quires a reddish or violet colour. Its colour, however, is affected, 
as has been just stated, by the nature of the conductors between 
which the current flows. When it issues from gold the light is 
green, from silver red, from tin or zinc white, from water deep 
yellow inclining to orange. 

It is evident that these phenomena supply the 
means of constructing electrical ap[iaruti:s by 
which an infinite variety of beautiful und striking 
luminous effects may be produced. 

When the electricity escapes from a metallic 
point in the dark, it forms an aigrette,./?^’’. 298., 
which will continue to be visible so long os the 
Fig. Z98. machine is worked. 

Tlie luminous efiect of electricity in rarefied air 19 exhibited by a.i appa- 
ratus, Jig. Z99., coiihisting of a gloss receiver, which can be screwed upon 
the plate of an air pump and partially exhausted. The electric curnMit passes 
l^etwcen two metallic balls attached to rods, which flidu in air-tight collars 
in tlie covers of the receiver. 

It is observed that the aigrettes formed by the negative flui«l are never 
ns long or as divergent as those formed by the po*^ttive fluid, an cffci-t 
which is worthy of attention as indicaiinfpia distinctive character of tho two 
fluids. 

This phenomenon may be cxliibitcd In a still more remarkable 
manner by using, instead of tlic receiver, a glass tube two or three 
inches in diameter, and about thirty inches in length. In this 
case a pointed wire being fixed to the interior of cacli f>f tho caps, 
one is screwed upon the plate of the air pump, while tlie external 
knob of the other is connected by a metallic chain with the prime 
conductor of the electrical machine. When the machine is worked 
in the dark, a succession of luminous phenomena will be prcxluceri 
in the tube, which bear so close a resemblance to the aurora 
borealis as to suggest the most probable origin of that reteor. 
When the exhaustion of the tube is nearly perfect, the whole 
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length of the tube will exhibit a violet red light. If a small 
quantity of air be admitted, luminous flashes will be seen to issue 

from the two points attached to the 
caps. As more and more air is ad- 
mitted, the flashes of light which 
glide in a serpentine form down the 
interior of the tube will become 
more thin and white, until at hist 
the electricity will cease to be dif- 
fused through the column of air, and 
will appear as a glimmering light ut 
the two points. 

556. The material substances 
which enter into the composition of 
the bodies of animals are generally 
imperfect conductors. \\^cn such a 
body, therefore, is placed in prox- 
imity with a conductor charged with 
electricity, its natural electricity is 
decomposed, the fluid of a like name 
being re|)ellcd to the side more re- 
mote from, and the fluid of the con- 
trary name being attracted to the 
side nearest to, the electrified body. 
If that body be very suddenly re- 
moved from or brought near to the 
iinimnl body, the fluids of the latter will suddenly sufFer a disturb- 
ance of their c([uilibriuni, and will cither rush towards each other 
to recombine, or bo drawn from each other, being decomposed ; 
and owing to the imperfection of the conducting power of the 
fluids and solids composing the body, the electricity in passing 
through it will produce a momentary derangement, as it docs in 
passing through air, water, paper, or any other imperfect con- 
ductor. If this derangement do not exceed the power of the parts 
to recover their jiosition and organisation, a convulsive sensation 
is felt, the violence of which is greater or less according to the 
force of electricity and the consequent derangement of the organs; 
but if it exceed this limit, a permanent injury, or even death, 
may ensue. 

557. It will be apparent from this, that the nervous cfiect called 
the eleeirie shock does not require that any electricity be actually 
imparted to, abstracted from, or passed through the body. The 
momentary derangement of the natural electricity is sufficient to 
produce the effect with any degree of violence. The shock pro- 
duced thus by induction, without transmitting electricity through 
ihe body, is sometimes called the secondary 
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Tiic physiological effects of electricity are extremely various, 
according to the quantity and intensity of the charge, according 
to the part of the body affected by it, and according to the manner 
in ^vhich it is imparted. 

558. A shock has in this manner been sent through a regiment 
of soldiers. At an early period in the progress of electrical dis* 
covery, M. NoUet transmitted a discharge through a series of 1 80 
men ; and at the convent of Carthusians a chain of men being 
formed extending to the length of 54^^ feet, by means of me* 
tallio wires extended between every two persons composing it, 
the whole series of persons was affected by the shock at the same 
instant. 

Experiments on the transmission of the shock were made in London by 
Dr. Watson, in the presence of the Council of the Royal Society, when a 
circuit was formed by a wire carried from one side of the Thames to the 
other over Westminster Bridge. One extremity of this wire communicated 
with the intefSor of a charged Jar, the other was held by a person on tlio 
opposite bank of the river. Ttiis person held in his other hand an iron rod 
which lie dipped in the river. On the other side near the Jar stood another 
person, holding in one hand a wire communicating with the exterior coating 
of the jar, and in the other hand an iron rocL This rod he dipped into the 
river, when instantly the shock was received by both persona^ the electric 
fluid having passed over the bridge, through the body of the person on the 
other side, through the water across the river, through the rod held by the 
other person, and through his body to the exterior coating of the Jar. 
Familiar os such a fact may now appear, it is impossible to convey an ade- 
quate idea of the amazement bordering on incredulity with which it was at 
that time witnessed. 


CHAP. XVI. 

VOLTAIC ELECTRICITY. 

559. Let c, fig, 3C0., be a piece of copper, z, a piece of zinc, and 

j., an acidulated liquid placed between 
them, so as to be in contact with each. 
A decomposition of the natural electri- 
city of the combination will immediately 
take place, the positive fluid passing 
towards the copper, and the negative towards the zinc. 

If a wire of any length be placed with one end attached to the 
copper, and the other to the zinc, the positive fluid will flow along 
the wire from the copper to the zinc, and the negative from the 
zinc to the oopper, and this flowing of the two fluids will continue 
for an indefinite time. 

560. Electricitj thus evolved is called toIUm tledricUy^ and the 
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current produced along the wire is called a voltaic current Al- 
though there are, in fact, two contrary currents passing along the 
wire ns just stated, one consisting of the positive, and the other of 
the negative fluid, it is customary only to consider the positive 
fluid, and the current is accordingly said to flow from the copper 
to the zinc along the wire, and from the zinc to the copper 
through the liquid. The copper extremity is called the positive 
pole of the combination, and the zinc extremity the negative pole, 
561 . Tlie form given to the zinc and copper, and the manner in 
which the acidulated li<piid is interposed between them are very 
various. 


0 



Thus a copper vessel 301.), being filled with acidulated liquid a 

^ cylinder of zinc may bo immersed in it 
** without touching it. The two mate- 
rials will thus be placed with the acid- 
ulated liquid in cr»iitact with each. A 
wire, in this case c r, is cSnnected with 
the copper vessel, and another z n with 
the zinc. According to what has been 
stated, a decomposition of the natural 
electricities will ensue, the positive 
fluid being collccte<l upon the wire cp, 
and the negative upon the wire z N. 
If these two wires be connected with 
each other by means of any continuous 
wire carried from r to x, a voltaic cur- 
rent will pass along tlie connecting 
wire from r to n. r will then be the 
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positive and x the negative pole of the combination. 

562. Sometimes two diflbrent acid or saline solutions arc used 
ns a more effective method of developing voltaic electricity. Such 
un arrangement may be made as follows. 

TIjo hollow cylinder of zinc z z, open at both ends as already described. 

Is placed in a vessel of glazed por- 
celain V V ifig, 302.). Within this 
is placed a cylindrical vessel v r, of 
unglazcd porcelain, a little less In 
diameter than the zinc z z, so that 
a space of about a quarter of an Inch 
may separate their surfaces. In 
this vessel o e is inserted a cylinder 
c c of platinum, open at the ends, 
and a little less than e u, so that 
their surfaces may be about a 
quarter of an inch asunder. Dilute 
sulphuric acid is then poured Into 
the vessel v v, and concentrated 
nitric acid into 9 v. p proceeding 
from the platinum will then be the 
positive, and n proceeding from the zinc the negative pole. 

563. This arrangement is known as Groes*# batterv. 
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^nraally constmptcil, it is represented in Jig*. 303. and 304., where o is a 
cylindrical jar of glass or (lorcelain nearly filled with water, acidiilateil with 
aulpburic acid, z is a cylinder of zinc open at lioth ends, and having an 
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opening in the side passing from end to end. p is a vase of unglozcd porce- 
lain or eaithcnivnrc, filled with nitric acid ; and in fine i. is a leaf of pla- 
tinum bent to the form of as shown in fy. 304., and attached to a cover^ 

3<>3f which is placed upon the porous 
vase r. A metallic rod c, communicating 
witli the leaf of platinum, is connected with 
a copper wire, which serves as the positivo 
pole, while a second wire, fixed to the zinc 
at bf Is the negative pole. 


One of the objections to this ar- 
rangement is the costly character of 
the platinum, and the circumstance, 
that when it has been in use for a cer- 
tain time that metal becomes so brittle 
that the least accidental disturbance 
will break it. 

564. The voltaic system known as 
BunserCg is similar to the. preceding, 
substituting charcoal for platinum. 

The electro-motive forces of Grove’s and 
Bunsen’s batteries are considered to be» 
l-i*. ettierit paribuM, equal. 

The apparatus, with all its parts combined, so as to develop the voltaic 
current, is shown in Jig. 305., where the zinc cylinder z is placed in the glazed 
vase E, the unglazed cylinder p within the zinc, and the charcoal cylinder o 
immersed in the nitric acid contained in p. 
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565. The voltaic arrangement known as DanieFs constant 
battery consists of a copper cylindrical vessel c c (J^. 306.)* 
widening near the top a d. 


In this is placed a cylindrical vessel of unglazed porcelain p. In this 
latter is placeil the hollow cylinder of zinc z, already 
ji described. , The space between the copper and porce- 
lain vessels is filled with a saturated solution of the 
sulphate of copper^ which is maintained in a state of 
saturation by crystals of the salt placed in the wide 
cup abcdfln the bottom of which is a grating com- 
posed of wire carried in a zigzag direction between 
two concentric rings, as represented in plan at o. 
The vessel p, containing the zinc, is filled with a 
solution of sulphuric acid containing from 10 to 25 
per cent, of acid when great electro-motive power 
is required, and from 1 to 4 per cent, when more moderate action is suffi- 
cient. 



Fig. 


^66. Whatever niny be the efficacy of a simple vollaic combina- 
tion such as those described above, the electricity developed by them 
is incomparably more feeble than that which proceeds from other 
ngcnctcs, and, indeed, so feeble, that without some expedient 
by which its power can be augmented in a very liigh ratio, it 
would possess very little importance as a visible .*igent. It happens, 
however, that its efficacy may be augmented with scarcely any 
limit, by uniting together, in a continued scries, a number of such 
combinations, in such a manner that the positive electricity deve- 
loped by each should flow towards one end of the series, and the 
negative towards the other end. Such arrangements arc called 
voltaic piies^ or voltaic batteries^ being related to a simple voltaic 
combination in the same manner ns a Leyden battery is to a 
Leyden jar, 

567. To explain the principle of the voltaic battery, let us sup- 
pose several simple voltaic combinations, z' cS z^l*c% 
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fg, 307., to be placed so that the negative poles z shall 
all look to the lefl and the positive c to the right. Let the me- 
tallic plates c be extended, and bent into an arc, so as to be placed 
in contact with the plates z. Let the entire scries be supposed to 
stand upon any insulating support, and let the negative pole of 
the first combination of the series be put in connection with the 
ground by a conductor. 

According to what has been explained, the positive electricity devdoped 
in the first combination, will collect upon c^, and the negative upon z>, but 
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the po^tire dootricity thus collected upon c* will flow along the wire to 
and will pass to c*. Meanwhile, electricity will be in like manner decom* 
posed in the second combination, the positive fluid collecting on and there 
uniting with the positive fluid which has already passeil from the first com- 
bination. 'i'lio negative fluid meanwhile <^llected upon z* passes along the wire 
to z*. The positive fluid accumulated upon c* passes along the wire to the thii d 
combination, and accumulates on c*, together with the positive fluid deve- 
loped ill the third combinutiou, while the negative fluid developed in the 
tliird combination flows back over the wire through the second combination 
to the first, and accumulates on z*. In this way it w-ill bo seen that all tin* 
positive fluid developed in the different series will flow to the last copper 
clement c*, and all the negative fluid to the firat zinc element z*. 

If one extremity of wire bo connected with c* and the other with z*, a 
voltaic current will be established along the wire from c* to z*, consisting 
of the acciiniulaied fluid developed by the combination of the apparatus. 

If it be assumed that each combination develops an 
equal quantity of the electric fluid, the intensity of the 
current will always bo proportional to the number of 
combinations which enter the composition of the bat- 
tcr^-. 

568. The first pile constructed by Volta was 
ibrmeil ns follows : — 

A disc of zinc was laid upon a plate of glass. Upon 
it was laid an equal disc of cloth or pa8tebo*urd soaked 
ill acidulated water. Upon this was laid an equal disc 
of copper. Upon the copper were laid in the same 
order three discs of zinc, wet cloth, and copper, and tlio 
same superposition of the same combinations of zinc, 
cloth, and copper was continued until tlie pile was com- 
pleted, The highest disc (of copper) was then Iho 
po.sitive, and the lowest disc (of zinc) the negative 
pole, according to the principles already explained. It 
was usual to keep the discs in their places by confining 
them between rods of glass. 

Such a pile, with conducting wires connected with its 
poles, is represented in 308, 

569. The next arrangement proposed by 
Volta formed a step towards the form which the 
pile definitely assumed, and is known under the 
name of the cauronne des tasMe» (ring of cups) : 

Fig. J08. tliig represented in 309., and consists of 

a scries of cups or glasses containing the acid solution. 

Rods of zinc and copper 2 c, soldered together end to end, are bent into 

the form of arcs, the ends 
being immersed in two ad- 
jacent cups, so that the 
metals may succeed each 
other in one uniform order. 
A plate of zinc, to which a 
conducting wire sr is at* 
tached, is immersed in the 
FIr- iOQ. . HU j H simtlmr fitaU of 
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copper^ with a wire p« in the last cup. The latter wire will be the positive, 
and the former the negative, pole. 

The next Term of voltaic pile proposed was that of Cruik- 
ahanky sepsesented in Jig. 310* 

This conbisted of a trough 
of glazed earthenware di- 
vided into parallel cells cor- 
responding in number and 
magnitude to the pairs of 
zinc and crppcr plates which 
were attached to a bar of 
wood, and so connected that, 
when immersed in the cells, 
each copper plate should be 
in connection with the zinc 
plate of the next cell. The 
plates w'cro easily raised « 
from the trough when the 
buttery was not in use. The 
trough contained the acid 
solution. 

571. Voltaic batteries have been constructed in a great variety 
of forms, but the principle is nearly the same. Dr. Wollaston’s, 
for exniiiple, consisted of a double plate of copper surrounding a 
plate of zinc without touching it, Jig. 3 1 1 




Fig. 311. 

572. If the conducting wires connected with the poles p and n, 
instead of being connected together, be connected with the ground, 
the earffi itself will take the place and play the part of the con- 
ducting wire in relation to the current. The positive fluid will 
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in that case flow by the wire pe, fig. 312., and the negative 
fluid by the wire n b' to the earth ; and the two fluids will be 
transmitted through the earth b e' in contrary directions, exactly 
in the same manner as through the conductor. In this cose, 
therefore, the voltaic circuit is completed by the earth-itself. 

573* cases, in completing the circuit, it is necessary to 

insure perfect contact wherever two ditferent conductors are 
united. This contact may be insured by pressing tlic wires 




c 
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together in a metallic clamp, or inserting their extremities, care- 
fully cleaned, in cups containing mercury. When the earth is 
used to com])lete the circuit, these are inapplicablcr To insure 
the unobstructed flow of the current in this case, the wire is sol- 
dered to a large jilatc of metal, having a surface of several square 
feet, which is buried in the moist ground, or, still better, immersed 
in a well or other reservoir of water. 

574. In cities, where there are extensive systems of metallic 
pipes buried for the convenience of water or gas, the wires pro- 
ceeding from the poles p and v may be connected with these. 

There is no practical limit to the distance over which a voltaic 
current may in this manner be carried, the circuit being still 
completed by the earth. Thus, if while the pile p w, fig. 3 1 2 , is 
at London, the wire r b is carried to Paris or Vienna (being insu- 
lated throughout its entire course), and is put in communication 
with the ground at the latter place, the current will return to 
London through the earth b b^ as surely and as promptly as if the 
poinU B, b' were only a foot asunder. 
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CHAP. XVII. 
ELECTRO- AfAGNETISM. 


57 >• WiiK^i a voltaic current is placed near a magnetic needle, 
certain motions arc imparted to the needle or to the conductor of 
tlie current, or to both, which indicate the action of forces exerted 
by the current on the poles of the needle, and reciprocally by the 
poles of the needle on the current. Other experimental tests 
show that the magnets and currents affect each other in various 
ways ; that the presence of a current increases or diminishes the 
magnetic intensity, imparts or effaces magnetic polarity, produces 
temporary magnetism where the coercive force is feeble or eva- 
nescent, or permanent polarity where it is strong ; that magnets 
reciprocally affect the intensity and direction of currents, and 
produce or arrest them. 

576. The body of these and like phenomena, and the exposition 
of the laws which govern them, constitute that branch of electrical 
science which has been denominated electro-magnetism* 

Without entering Into the somewhat complicated details of this 
part of voltaic electricity, it will be sufficient here to notice some 
o^ the most important phenomena which have bpen developed 
in it. 

' 577. If a coadueting wire be formed into a spiral or helix such 

<as is represented in Jigs, 313, 3i4.>and be either suspended on 
points y and y\ aa shown in Jig, 3 I 3 *» or made to float upon a 





Fig. jii. Fig. 114. 



liquid, aa in Jig. 314., so that it ia capable of revolving in o^ence 
to any force impressed on it, it •will be found that the spiral wire 
will be endowed with all the properties of a magnet so long aa t^ 
Tolttuo current is transmitted t^OTi|^ it. Thus it will turn till 
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one end in presented to the north and the other to the south, 
exactly as a compass needle would. 

578. If a wire covered with silk so as to prevent the escape of 
electricity from it, be coiled round a rod of soft iron, such rod 
will be rendered magnetic so long as a voltaic current is trans- 
mitted along the wire. Thus the rod will attract a piece of iivn, 
and will have the directive properties of a compass needle so long 
as the current continues to flow round it upon the spiral coil ; but 
the moment that the current is suspended, the soft iron instanta- 
neously loses all its magnetic properties. 

579* This method of imparting magnetism to iron by the 
proximity of a voltaic current, is called electro-magnetic induction, 

580. The property enjoyed by soft iron, of suddenly acquiring 
magnetism, and as suddenly losing its magnetism, lias supplied 
the means of producing the temporary magnets which are known 
under the name of electro-magnets, 

Tho moat simple form of clcctro-magnct consiata of a bar of soft iron bent 
into the form of a horseshoe, and of a wire wrapped wit!i silk, which is coiled 
first on one arm, proceeding from ono extremity to the bend of tho horse 
riioe, and then upon the other from the bend to the other extremity ; caro 
being taken that tho convolutions of the spiral shall follow the same direc- 
tioa in passing from one leg to the other. An armature is applied to tho 
ends of the horse shoe, which will adhdreHo them so long as a voltaic current 
flows upon the wire, but which will drop off tho moment that such current is 
discontinued. « 

581. The property of clectro-magncts, by which they are 
capable of suddenly acquiring and losing the magnetic forCC, has 
supplied the means of obtaining a mcchauicid agent which may be 
applied as a mover of machinery. 

Two electro-^magncts, such as those represented in Jig, 31$* are placed so 
that when the electric current is suspended they will rest at a certain dis- 
tance asunder, and when the current passes 
on the wire they will be drawn into contact 
by their mutual attraction. When tho 
current is again suspended they will sepa- 
rate. In this manner, by alternately sus- 
pending and transmitting tho current on 
the wire which is coile^ esund tho electro- 
magnet, the magnet and its armature, or 
the two magnets, revive an alteniatc 
motion to and from each other similar to 
that of the piston of a steam engine, or the 
foot of a person who works the trcddle of a 
lathe. alternate motion is made to 

pifidnce one of continued rotation by the 
same mechanical expedients as are used 
Fig. 315. in the application of any other moving 

* power. 

The force with which the" electro-magnet and iU armature attract each 
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other determines the power of the electro-motive machine just u the 
pressure of steam on the piston determines the power of a steam eng^e. This 
force* when the magnets are given* varies with the nature and magnitude of 
the galvanic pile which is employed. 

582. When a voltaic current passes over a magnetic needle 
freely suspended* it will deflect the needle from its position of 
rest* the quantity of this deflection depending on the force* and 
its direction on the direction of the current. 

The needle* when not deflected by the current* will place itself 
in the magnetic meridian. If* in this case* the wire conducting the 
current be placed over and parallel to the needle* the poles will be 
subject at once to two forces ; the directive force tending to keep 
them in the magnetic meridian* and the deflecting force of the 
current tending to place them at right angles to that meridian. 
They will* consequently* take an intermediate direction* which 
will depend on the relation between the directive and deflecting 
forces. If the latter exceed the former* the needle wUl incline 
more to the magnetic east and west; if the former exceed the 
latter* it will incline more to the magnetic north and south. If 
these forces be equal* it will take a direction at an angle of 45^ 
with the magnetic meridian. Tlic north pole of the needle will, 
in all coses* be deflected to the left of the current. 

If while the directive force of the needle remains unchanged 
the intensity of the current vary* the needle will be deflected at a 
greater or less angle from the magnetic meridian, according as the 
intensity of the current is increased or diminished. 

583. It may happen that the intensity of the current is so 
feeble* as to be incapable of producing any sensible deflection 
even on the most sensible needle. The presence of such a current 
may, nevertheless, be detected, and its intensity measured* by 
carrying the wire conducting it first over and then under the 
needle* so that each part of the current shall exercise upon the 
needle a force tending to deflect it in the same direction. By this 
expedient the deflecting force exercised by the current on the 
needle is doubled. 


Such an arrangement is represented in fig, 316. The wire passes from n to 

X over, and from y to j: under the needle; 


n 


and it is evident, from what has been 
explained, that the part z n and the part 



y X exercise deflecting forces in the same 
direction on the poles of the needle* 
both tending to deflect the north or ans- 
tral pole a to tho left of a person who 
stands at x and looks towards n. It may 
be shown in like manner that the vertical 
parts of the current g x and y x have the 


Fig. 316. same tendency to deflect the north pole a 


to the left of a person viewing it firom Xm 
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The same expedient may be carried further. The wire upon 
which the current passes may be carried any number of times 
round the needle, and each successive coil will equally aujpncnt 
its deflecting force. The deflecting force of the simple current 
will thus be multiplied by twice the number of coils. If the 
needle be surrounded witb a hundred coils of conducting wire, 
the force which deflects it from its position of rest will be two 
hundred times greater than the deflecting force of the simple 
current. 

The wire conducting the current 111 list in such case be wrapped 
with silk or other nonconducting coating, 
to prevent the escape of the electricity 
from coil to coil. 

Such an apparatus has been called a 
in consequence of thus mul- 
tiplying the force of the current. It has 
been also denominated a galvanometer^ 
inasmuch as it supplies the means of mea- 
suring the force of the galvanic current. 

Wc give it by preference the name 
reoscope or reometer^ as indicating tlic 
presence and measuring the intensity 
of the current. 

To constmet a rwomeier, let two flat bars of wood or metal be united at Uie 
ends, 80 as to leave an ofien space between them of sufficient width to allow 
the suspension and play of a magnetic needle. Let a fine metallic wire of 
silver or copper, wrapped with silk and having a length of eighty or a hun- 
dred feet, be coiled longitudinally round these bars, leaving at its extremitioa 
three or four feet uncoiled, so os to be conveniently' placed in connection with 
the poles of the voltaic apparatus from which the current proceeds. Over 
the bars on which the conducting wire ia coiled, is placed a dial, upon which 
an index plays, which is connected with the magnetic needle suspended 
between the bars, and which has a common motion with it, the direction of 
the index always coinciding with that of the needle. The circle of ths dial 
is divided into 360^, the index being directed to oP or iSoP, when the needle 
is parallel to the coils of the conducting wire. 

Such an instrument, mounted in the usual manner and covered by a bell 
glass to protect it from the disturbance of the> air, is represented in Jitf. 317, 
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CHAP. XVIII. 

TIIGKMO-ELECTRICITT. 

584- Ir a picco of nictal 11, Jig^, 318., or other conductor, be in- 
terposed between two pieces, c, of a cliiT'erent metal, the points of 
contact being reduced to dilTerent temperatures, the natural elec- 
tricity at thcHc points will be decomposed, the positive fluid passing 

in one direction, and the ne- 
gative fluid in the other. If 
the extremities of the pieces 
c be connected by a wire, a 
constant current will be esta- 
blished along such wire. The 
intensity of this current will 
be inviiriahh; so long as the temperatures of the points of contact 
of 11 with c remain the same ; and it will in general be greater, the 
gr<*atcr the ditference of theso temperatures. If the temperatures 
of the ]>oints of eontact be rendered ec[ual, the current will cease. 

'fliesa facts may be verifled by connecting the extremities of c 
with the wires i»f any reoscopic apparatus. The inoineiit a difler- 
cnoe of temperature is produced at the points of eoniaot, the 
luvtllo of the rooscopc will be deflecteil ; the deflection will 
increase or ditiiinish with every increase or diminution of the dif- 
ference of the temperatures ; and if the temperatures be equalised, 
the needle of the reoscopc will return to its position of rest, no 
deflect ii>ii l>eiiig produced. 

585. A current thus produced is called a thi*rmo~vlevtric currenU 
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Those which are produced by the ordinary voltaic arrangements 
are called for distinction hydro-electric currents^ a liquid conductor 
always entering the combination. 

A convenient and simple apparatus for the experimental illustration of a 
thermo-electric current is represented in Jig, 319. A narrow strip of copper 
cd is bent into a rectangular form, and soldered at both ends to a plate of 
bismuth e A magnetic needle a b moves freely on its pivot within the 
rectangle. The apparatus is so placed, that its vertical plane coincides with 
that of the magnetic meridian ; and the needle, when undisturbed by the 
current, is at rest in the same direction. 

Now, if a lamp f be applied to one end e of the plate of bismuth, so as to 
raise its temperature above that of the other end, the needle will be imme- 
diately deflected, and the deflection will increase as the diflcrcnce of the 
temperatures of the ends of the plate of bismuth is increased. If the cn«l e 
of the bismuth be cooled to a temperature below that of the surrounding 
atmosphere, the needle will bo deflected the other way, showing that the 
direction of the current has been reversed. And by repeating the same ex- 
periments with tlio other end e', these resulla will be eoiifirined. 

$86. When the temperature of the end e of the blsiniit1i*ls more 
elevated than that of the end the north pole of tlie needle is de» 
fleeted to the lefb of a person standing at the end e, from which it 
appears that the current flows round the rectangle in the direction 
represented by the arrow. 

If cold be applied to the end c, the needle will be deflected to 
the right, showing that the ' direction of the current will be re- 
versed, the positive fluid always flowing towards the wanner end 
of the bismuth. 

587. If means be taken to maintain the extremities of the 
bismuth at a constant diflerence of temperature, the needle will 
maintain a constant deflection. Thus, if one end of the bismuth 
be immersed in boiling w'uter and the other in melting ice, so that 
their temperatures shall be constantly maintained at 212^ and 32% 
the deflection of the needle will be invariable. If the temperature 
of the one be gradually lowered, and the other gradually raised, 
the deflection of the needle will be gradually diminishefl ; and 
when the temperatures are equalised, the needle will resume its 
position in the magnetic meridian. 

588. This property, in virtue of which a derangement of the 
electric equilibrium attends a derangement of the thermal equi- 
librium, is common to all the metals, and, indeed, to conductors 
generally ; but, like other physical properties, they arc endowed 
with it in very difierent degrees. Among the metals, bismuth and 
antimony bare the greatest tbermo»electric energy, whether they 
are plac^ in contact with each other, or with any other metal. If 
a bar of either of these metals be placed with its extremities in 
oontact with the wires of a reometcr, a deflection of the needle will 

Q 2 
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be produced by the mere warmth of the finger applied to one end 
of the bar. If the finger be applied to both ends^ the deflection 
will be redressed, and the needle will return to the magnetic me- 
ridian. 

It has been ascertained that if diflerent parts of the same 
mass of bismuth or antimony be raised to different temperatures, 
the electric equilibrium will bo disturbed, and currents will bo 
established in different directions through it, depending on the 
relative temperatures. These currents are, however, much less 
intense than in the case where the derangement of temperature 
is produced at the (Miints of contact or junction of different con- 
ductors. 


CHAP. XIX. 

ELECTUO-CII EMISTRY. 

589. WiiKN a voltaic current of sufficient intensity is made 
to pass through certain bodies consisting of constituents chemically 
coiubined, it is found that decompositioii is produced attended by 
peculiar circumstances and conditions. The compound is resolved 
into two constituents, which appear to be transported in contrary 
directions, one with and the other agauutt the course of the current. 
The former is <lisengagcd at the place where the current leaves, and 
the other at the place where It enters, the compound. 

All compounds are not resolvable into their constituents by this 
agency, and those which are, are not equally so ; some being re- 
solved by a very feeble current, while others yield only to one of 
extreme intensity. 

590. Bodies which are capable of being decomposed by an elec- 
tric current have been called eUetrolyte^^ and decomposition thus 
produced has been denominated eUctrolyM. 

591. To render electrolysis practicable, the molecules of the 
electrolyte must have a perfect freedom of motion amongst each 
other. The electrolyte must therefore be liquid. It may be re- 
duced to this state either by solution or fusion. 

59c. To render intelligible the process of electrolysis, let 
us take the example of water, the first substance upon which the 
decomposing power of the pile was observed. Water is a binary 
compound, whose sample constituents are the gases called oxygen 
andhydro^n. Nine grains* weight of water consist of eight grains 
of oxygen and one gnun of hydrogen. 

The speeifie gravity of oxygen- being sixteen times that of 
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hydrogen, it follows that the volumea of these gases which com- 
pose water are in the ratio of two to one ; so that a quantity of 
water which contains as ihuch oxygen as, in the gaseous state, 
would have the volume of a cubic inch, contains as much hydrogen 
as would, under the same pressure, have the volume of two cubic 
inches. 

The ‘combination of these gases, so as to convert them into 
water, is determined by passing the electric spark taken from a 
common machine through a mixture of them. If eight parts by 
weight of oxygen and one of hydrogen, or, what is the same, one 
part by measure of oxygen and two of hydrogen, be introduced 
into the same receiver, on passing through them the electric spark 
sin explosion will take place ; the gases will disappear, and the 
receiver will be Ailed first with steam, which being condensed, will 
be presenteil in the form of water. The weight of water con- 
tained in *the receiver will be equal precisely to the sum of the 
weight of the two gases. 

These being premised, the phenomena attending the electrolysis 
of water may be easily understood. 

593. Let a glass tube, closed at one end, be Ailed with water 
slightly acidulated, and, stopping the open end, let it be inverted 
and immersed in similarly acidulated water contained in any open 
vessel. The column in the tube will be sustained there by the at- 
mospheric pressure, as the mercurial column is sustained in a ba- 
rometric tube ; but in this case the tube will remain completely 
Ailed, no vacant space appearing at the top, the height of the 
column being considerably less than that which would balance the 
atmospheric pressure. Let two platinum wires be connectiHl with 
the poles of a voltaic pile, and let their extremities, being immersed 
in the vessel containing the tube, be bent so as to be presented 
upwards in the tube without touching each other. Immediately 
small bubbles of gas will be observed to issue from the points of 
the wires, and to rise through the water and collect in the 
top of the tube, and this will continue until the entire tube is 
Ailed with gas, by the pressure of which the water will be expelled 
from it. If the tube be now removed from the vessel, ami the gas 
be transferred to a receiver, so arranged that the electric spark 
may be transmitted through it, on such transmission the gas will 
be reconverted into water. 

Tlic gases* therefore, cvolve<l at the points of the wires, which in 
the exposition of the phenomena of electrolysis are termed the 
electrodes^ are the constituents of water ; and since they cannot 
combine to form water, except in the deAnite ratio of 1 to 2 by 
measure, they must have been evolved in that exact proportion 
at the electrodes. 
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594 The decomposing power of the voltaic current had not 
long been known before it became^ in the hands of Sir II. Davy 
and his successors, the means of resolving the alkalis and earths, 
before that time considered as simple bodies, into their constituents. 
This class of bodies was shown to be oxidised metals. 'When 
submitted to such conditions as enabled a strong voltaic current 
to pass through them, oxygen was liberated at the positive elec* 
trode, and the inetallie base appeared at the negative electrode. 

595. A new series of metals was thus discovered, which re- 
ceive<i names derived from those of the alkalis and earths of wliich 
they formed the bases. Thus, the metallic base of potash was called 
that of soda Modium^ that of lime calcium, that of silica 
Hilivium, and so on. 

ill many cases it is dillieult to maintain those metals in their 
simple state, owing to their strong ainnity for oxygen. Tims 
potassium, if exposed to the atmosphere at common teiuperatiircs, 
enters directly into combination with the air, and burns. When 
it is desired to collect and preserve it in the metallic state it is 
decomposed by the current in contact with mercury, with whicli it 
enters into combi nation, forming an amalgam. It is afterwards 
separated hy distillation from the mercury, and preserved in the 
metallic state under the oil of naphtha, in a glass tube hermetically 
closed, the air being previously expelled. 


CHAP. XX. 

KLKC I UO-METALLURGY 

596. TiiK decomposing power of the voltaic current applied to 
solutions of the salts and oxides of metals has supplied various 
processes to the industrial arts, which inventors, improvers, and 
manufacturers have denominated galvano-plastic, electro-plastic, 
galvano-type, electrotype, and electro- plating and gilding. These 
processes and their results may be comprehended under the more 
general denomination, Klectro-metaUurgy, 

597. If a current of suflieieiit intensity be transmitted through 
a solution of a salt or oxide, having a metallic base, it will be 
iinderstooil, from what has been already explaine<l, that while the 
oxygen or acid is developed at the positive electrode, the metal 
will bo evolved either by the primary or secondary action of the 
current of the negative electrt^e, and being in the nascent state, 
will have a tendency to combine with it, if there be an affinity, or 
^^o adhere to it by mere cohesion, if not. 

598 The bodies used as electrodes must be ttuperjicially con- 
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ductors, since otherwise the current could not pass between them ; 
but subject to this condition, they may have any material form or 
magnitude which is compatible with their immersion in the solu- 
tion. If the body be metallic, its surface has necessarily the con- 
ducting prcn*;rty. If it be formed of a material which is a non- 
conductor, or an imperfect conductor, the power of conduction 
may b<j imparted to its surface by coaling it with finely powdered 
black lead and other similar expedients. This process is called 
tnvtaUmn^ the surface. 

599. ]Jy the continuance of the process of decomposition the 
solution will be rendered gradually weaker, and the deposition of 
the metal wnuhl g<i on more slowly. This inconvenience is 
remedied by using, as the positive electrode, a plate of the same 
metal, which is to bo deposited on the negative electrode. The 
acid or oxygen liberated in the dec*omposition, in this ease, enters 
into combination with the metal of the positive electrode, and 
produces as much salt or oxide ns is decomposed at the other 
electrode, which salt or oxide being dissolved as fast as it is formed, 
maintains the solution at a nearly uniform degree of strength. 

600. The state of the metal disengaged at the negative electrode 
depends on the intensity of the current, the strength of the solu- 
tion, *t.s acidity, anti its temperature, and the regulation of these 
conditions in each particular case will require much practical skill 
on the part of the operator, since few general rules can be given 
for his direction. 

In tlio case, for example, of a solution of one of the salts of copper, a feeble 
current will de]>ostt on the electrode a coating of copper so malleable that it 
may he cut will) a knife. With a more intense current the metal vrill become 
hanler. As the intouhity of the current is gradually augmented, it becomes 
succes-wively brittle, granulous, crystalline, rough, pulverulent, and in lino 
l.>9es all coliPfoon, — j>racti»:c alone will enable the operator to observe the 
conditions necessary to give the coating deposited on the electrode the desired 
<|iiaUty. 

601. It is in nil cases desirable, and in many indispensable, that 
the metallic coating deposited on the electrode shall have an uni- 
form thickness. To insure this, conditions should be establisbe^-M 
wliich will render the action of the current on every part of thl , 
surface of the electrode uniform, so that the same quantity 01 
metal may be deposited in the same time. Many precautions <ur 4 | 
necessary to attain this object. Both electrodes should be con^^ 
nected at several points with the conductors, which go to the 
poles of the battery, and they should be presented to each other so 
that the intermediate spaces should be as nearly as possible equal, 
since the intensities of the currents between point and point vary 
with the distance. The deposition of the metal is also much ia- 
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fluenced by the form of the body. It is in general more freely 
made on the salient and projecting parts, than in those which 
are sunk. 

602. If the body on which the metallic deposit is made be one 
which is liable to absorb the solution, a coating of some substance 
must be previously given to it which shall be impervious to the 
solution. 

603. When a part only of a metallic or other conducting body 
is desired to be coated with the metallic deposit, all the parts im- 
mersed not intended to be so coated are protected by a coating of 
wax, tallow, or other nonconductor. 

604. The most extensive and useful application of these prin- 
ciples ill the arts is the process of gilding and silvering articles 
made of the baser metals. 

The article to be ooatod with gold being previously made clean, is con- 
nected witli the negative pole of the batter^-, while a plate of gold Is con- 
nected with Its positive |»ole. Doth are then immersed in a bath conaieting 
of A iiolution of the chloride of gold and cyanide of potaftsium, in proportions 
which vary with differont gilders. Tractice varies also as to the temperature 
aii<l the strength of the aolulion. The chloride is decomposed, the metalUr; 
baRo being deposited as a coating on tbe article connected with the negative 
pole, and the chloride coiubiiilng with a correaponding portion of the gokl 
connei'teil with the itoaitive |x>ie, and reproducing the chloride which Is dis- 
solved in the bath as fust as it la decoiii|>osed, thus maintaining the strength 
of the solution. 

A coating of aitver, copper, cobalt, nickel, and other metals is deposited by 
similar processes. 

60$. When the article on which the coating is depositcil is 
luetallic, the coating will in some cases adhere with great tenacity. 
In others, the result is less satisfactory ; as, fur example, where 
goUl is deposited on iron or steel. In such cases the difTiculty 
limy be surniountcd by first coating the article with a metal 
which will adhere to it, and then depositing upon this the definite 
coating. 

606. T'he extreme tenuity with which a metallic coating may 
be deposited by such processes, supplies the moans of imparting 
to various objects of art the external appearance and qualities of 
any proposetl metal, without impairing in the slightest degree 
their most delicate forms and lineaments. The most exquisitely 
moulded statuette in plaster may thus acquire all the appearance 
of having been executed in gold, silver, copper, or bronze, without 
losing any of the artistic details on which its beauty depends. 

607. If it be desired to produce a metallic mould of any object, 
it is generally necessary to mould it in separate pieces, which 
being afterwa^s combined, a mould of the whole is obtained. 

That part intended to be moulded is first rubbed with sweat oil, black lead. 
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or some other lubricentt ivltich will prevent the metal deposited from adher* 
ing to it« without separating the mould from the surface, in so sensible a 
degree as to prevent the perfect correspondence of the mould with the 
originaL All that part not intended to be moulded is investeil with wax or 
other material, to intercept the solution. The object being then imroersedt 
and the electrolysis established, the metal will be deposited on the exposed 
surface. When it has attained a suiHdent thickness the object is withdrawn 
from the solution, and the metallic deposit detached. It will be found to 
exhibit, the utmost possible precision, an impression of the original, 
llie same process being repeated for each part of the object, and the partial 
moulds thus obtained being combined, a metallic mould of the whole will be 
produced. 

608. To reproduce any oliject in metal it is only necessary to 
fill the mould of it, obtained by the -process above explained, with 
the solution of the metal of which it is desired to form the object, 
the surface of the mould being previously prepared, so as to pre- 
vent adhesion. The solution is then put in connection with the 
positive pohe of the pile, while the mould is put in connection with 
the negative pole. The metal is depor^ited on tlic mould, and 
when it has attained tlie necessary thickness the mould is detached, 
and the object is obtained. 

In general, however, it is found more convenient to mould the 
object to be reproduced in metal by the ordinary processes in 
wax, plaster of paris, or fusible alloy. When they arc made in 
wax, plaster, or any nonconducting material, their inner surfaces 
must be rubbed with black lead, to give them the conducting 
power. Wlicii the tleposit is made of the necessary thickness, the 
mould is broken off or otherwise detached. 

Statues, statuettes, an<l bas-reliefs in plaster can thus be re- 
produced in metal with the greatest facility and precision, at an 
cxfMUisc not much exceeding that of tlic metal of which they arc 
formed. 

609. A mouhl in plaster of paris, wax, or gutta pcrclio, being 
taken from a wood engraving or a stereotype plate, a stereotype 
may be obtained from the mould by the processes nlK>ve described. 
The pages now before the reader have been stereotyped by this 
process. 

Copper or steel engraved plates may be multiplied by like methods. A 
mould Is first taken, which exhibits the engraving in n-lief. A metallic 
plate deposited upon this by the electrolytic process will reproduce the en- 
graved plate. 

610. The clectro-mctallurgic processes have been extended by 
ingenious contrivances to other substances besides metal. Thus a 
coating of metal may be deposited on cloth, lace, or other woven 
fabrics, by various ingenious expedients, <»f wliich the following is 

an example:— 
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On A plate of copper attach smoothly a cloth of linen, cotton, or wool, and then 
connect the plate with a negative pole of a voltaic battery, immerse it in a 
aolntion of the metal with which It Is to be coated, and connect a piece of the 
same metal with the positive pole ; decomposition will then commence, and 
the molecules of metal, as they are separated from the solution, must pass 
throngh the cloth in advancing to the copper to which the cloth is attached. 
In (heir passage through the cloth they are more or leas arrested by iL 
They Insinuate themselves into its pores, and, in line, fomv a complete 
metallic cloth. Loco is inetallised in this way by first coating it with plum- 
{lago, and then subjc^cting it to the electrd metallurgic process. 

Quills, feathers, fiowera, and other delicate fibrous substances may be 
metallised in tint same way. In the case of the most delicate of these tli' 
article is first dipped into a solution of phosphorus and sulphate of carbon, 
and is welt wetted with the liquid. It is then immersed in a solution of 
nitrate of, silver, riiosplionis has ilie i»ro)>erty of reviving silver and gold 
from tlicir solutions. Consequently, llie article is immediately coated with a 
very attenuateil fibre of the metal. 

A form of apparntUM commonly used is represented in fig, 310., where A is 
a brass rod, supported by hooks i, 2, 3, 4, 011 the edge of a large cylindrical 



vessel of glass or ]>orce- 
luiii. One of these hook;* . 
3, supports a vertical rod 
(I, on which there is a 
metallic ball pierced liori- 
/.ontslly, in which a con- 
ilucting nxl n is hold by 
the tightening screw h. 

Supposing the deposit 
roquir^ is copi>er, the 
solution of tho sulphate 
of copper is poured into 
the veanel. In this vessel 
is iinniersod a smaller 
cylindrical vessel WN of 
imglazed porcelain filled 
with acidulated water, in 
which a cjdinder o of 
amalgamated zinc con- 
iie<‘tod with K is plunged. 

Let small hags s 8, 
filled with crystals of the 
sulphate of copper, be 
suspended upon the edge 


of the vessel and im- 
mersed in the solution 


so that ns the solution is weakened by dcoomiMMition, these crystals shall bo 
dissolvcit and restore its strength. 


Let tho objects p V T, &c., upon which the copper is to be deposited, be 
now suspended upon the ring a by metallic ro<ls : a complete voltaic combi- 
nation will thus be formed, since the copper electrodes pvt, &C., will be 
in metallic connection by the ring a, the rod a, and the conductor N, 
with the zinc cylinder o; so that the whole will form a idngle pair on 
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Daniel’s system (565.)- This being done, the decomposition of the solution 
iviil proceed, copper will be deposited upon p v t, &c., and the strength of 
the solution will be restored by the dissolution of the copper crystals in the 
bags s, s. 


CHAP. XXL 

i: LECTRO-TELEGR Am Y. 

61 1, Or all the applications of electric agency to the uses of 
life, that which is trauscendently the most admirable in its etfects, 
and the most important in its consequences, is the electric tele- 
graph. No force of habit, however long continued, no degree of 
familiarity, can efface the sense of wonder which the effects of 
this most marvellous application of science excite. 

The electric telegraph, whatever form it may assume, derives its efficiency 
from the three following conditions: — 

1. A power to develop the electric fluid continuously, and in the necessary 
quantity. 

2. A power to convey it to any required distance without being injuriously 
dissipated. 

3. A power to cause it, after arriving at such distant point, to make 
written or printed characters, or some sensible signs serving the purpose of 
such characters. 

The apparatus from which the moving power by which these effects are 
produced is derived, is the voltaic pile. This is to the electric telegraph 
what a boiler is to a steam engine. It is the generator of the fluid by which 
the action of the machine is produced and maintained. 

We have therefore first to explain how the electric fluid generated in tlie 
apparatus just explained, can be transmitted to a distance without being 
wasted or dissipated in an injurious degree en route. 

If tubes or pipes could be constructed with sufficient facility and cheap- 
Ticas, through which the subtle fluid could flow, and which would be capable 
of confining it during its transit, this object would be attained. Aa the 
galvanic battery is analogous to the boiler, such tubes would be analogous 
in their form and functions to the steam pipe of a steam engine. 

612. If a wire, coated with a nonconducting substance capable 
of resisting the vicissitudes of weather, were extended between 
any two distant points, one end of it being attached to one of the 
extremities of a galvanic battery, a stream of electricity would 
pass along the wire — provided the other end of the wire were con- 
nected by a conductor with the other extremity (f the battery. 

To fulfil this last condition, it was usual, when the electric telegraphs were 
first/erected, to have a second wire extended from the distant point back to 
'tbe,t>atteiy in which the electricity was generated. But it was afterwards 
discovered tbrt the earth Uaetf was the best, and by far the cheapest and 
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moat convenient, conductor wliich could be used for this returning stream of 
electricity. 

Instead, therefore, of connecting the poles of the battery by a second wire, 
they are connects 1 respectively with the earth by two independent wires, so 
that the returning current is first transmitted to the earth, and through the 
earth to a corresponding wire at the distant station, to which a telegraphic 
communication is made. 

This arrangement will be more readily understood by referenoe to fig. 312. 
If V be the point from which the current is transmitted, it will pass along 
the wire to a plate of metal k, five or six feet square, buried in the earth, 
from whence it will pass through the earth, as indicated by the arrows, to 
another plate of metal k', and from thence, by the wire to the negai«vo 
pole N of the battery. 

In the arrangement, as here represented, the current is transmitted through 
the wire and the earth from the positive to the negative pole of the same 
battery. Hut the eifecta will be precisely the same if P be imagined to re- 
present the |x>sitive pole of a battery at any one station, and N the negative 
polo of a diflferent battery at any other station, however distant ; provided 
only that the negative pole of the former battery be connected with tiie 
positive polo of the latter by a wire, or series of wires, or any other continuous 
conductors. 

It has not been found necessary in practice to wrap the wires with silk, or 
to case thorn with any other nonconductor. They usually consist of iron, 
which is recommended at once by its strength an«l cheapness, and arc coated 
with zinc, the l>etter to resist oxidation, by the galvanic process. 

'riie wires (liu.s pre|Nired are usually suspended on posts from fifteen to 
thirty fcN't high, and at intervals of about sixty yards, which is at the rate of 
about thirty to a mile. 

To each of these polos are attached as many tubes or rollers of porcelain or 
glass as there are wires to be supported (^fig. l*«ach wire passes through 

a tube, or is supported on a roller $ and the material of the tubes or rollers 
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being among the most perfect of the class of nonconducting substancosi the 
escape of the electricity at the point of contact is prevented. 

613. Although the mode of carrying the conducting wires at a 
cercain elevation on supports above the ground, has been the most 
general mode of construction adopted on telegraphic lines, it has 
been found in certain localities subject to difficulties and incon* 
venience, and some projectors have considered that in all cases it 
would be more advisable to carry the conducting wires under 
ground. 

This underground system has been adopted in the streets of 
London, and of some other large towns. The English and Irish 
Magnetic Telegraph Company have adopted it on a great extent 
of their lines, which overspread the country. The European 
Submarine Telegraph Company has also adopted it on the line 
between London and Dover, which follows the course of the 
old Dover mail-coach road by Gravesend, Rochester, and Can- 
terbury. • 

614. The current being by these means transmitted instanta- 
neously from any station to another, connected with it by such 
conducting wires, it is necessary to select, among the many effects 
which it is capable of producing, such as may be fitted fbr tele- 
graphic signs. 

There are a great variety of properties of the current which 
supply means of accomplishing this. If it can be made to affect 
any object in such a manner as to cause such object to produce 
any effect sensible to the eye, the ear, or the touch, such effect 
may be used as a ; and if it be capable of being varied^ each 
distinct variety of which it is susceptible may bo adopted as a 
distinct sign. Such signs^ may then be taken as signifying the 
letters of the alphabet, the digits composing numbers, or such 
single words as are of most frequent occurrence. 

The rapidity and precision of the communication will depend on 
the rate at which such signs can be produced in succession, and 
on the certainty and accuracy with which their appearance at the 
place of destination will follow the action of the producing cause 
at the station from which the despatch is transmitted. 

These preliminaries being understood, it remains to show what 
effects of the electric current are available for this purpose. 

These effects are : — 

l . The power of the electric current to deflect a magnetic 
needle from its position of rest. 

n. The power of the current to impart temporary magnetism 
to soft iron. 

m. The power of the current to decompose certain chemical 
eolutiona 
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'riiese methods of producing signs at a distance have been severally used 
for telegraphic purposes by diflerent Inventors and in different countries. 



In the form of telegraph ino<st 
commonly used In England* a 
magnetic needle, suspended verti- 
cally, is capable of being turned to 
the right or left by the transmission 
of a voltaic current behind it, this 
current being produc«[l b}* an 
operator at a distant station, and 
the signs consist of a certain num- 
ber of successive deflections of tlic 
needle to the right and to the left. 
In fuj, 322. is presented a vieu* of 
this instrument in outline, showing 
the number of deflections to the 
riglit or to the left, by which cncli 
letter and number is signified. 

615. In the telegraph of Morse, 
generally used in the United States, 
the second method of producing 
signs, mentionetl above, is adopted. 
A voltaic current transmitted from 
a distant station is made to invpart 
momentary magnetism to a piece of 
8<»ri iron, by which a lever, armed 
with a point or style, is attractctl 
Against A bainl of paper moving 
under it, which it punctures, and 
the letters and numbers are ex- 
pressed by diflereut numbers of these 
punctures made in the band of 


paper, 

616. Ill the electro -cliemical telegraphs the current is transmitted from a 
distance through a metallic style, which passes upon a paper moved under it, 
and iniprcgiiated witli a chemical solution capable of being decomposed by 
the current, Wbeii decomposed a coloured spot or line is made upon the 
paper, and by alternately iimintaining and interrupting the current, spots 
an<l lines at difloreiit intcrx'als, or at diflerent lengths, are traced upon the 
paper by an ojierator at a distance. 


CHAP. XXIL 

ELECTUO-ILLUMINATION. 

617. Or all the luminous effects produced by the agency of 
electricity, by far the most splendid is the light produced by the 
passage of the current, proceeding from a powerful battery. 
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between two pencils of hard cliarcool presented point to point. 
The charcoal being an imperfect conductor is rendered incan* 
descent by the current, and being infusible at any temperature 
hitherto attained, the degree of splendour of which its incandes- 
cence is susceptible has no other practical limit except the power 
of the battery. 

The charcoal best adapted for this experiment is that which is 
obtained from the residuum of the coke in retorts of gas works. 
This is hardened and formed into pencil-shaped pointed cylinders, 
from two to four inches in length, and 
\ mounted as represented in Jig. 323., where 

^ p and R, the two metallic j)cneil holders, 

X are in metallic connection with the poles 

V mounted that the char- 

5 " W coal pencils fixed in them can at pleasure 

V 'ft be made to approach each other until their 

V y points come into contact, or to recede from 

ft each other to any necessary distance. 

I M AVhen they arc brought into contact, the 

O— current will pass between them, and the 
/ charcoal will become intensely luminous. 

/ , ' L,., When se])aratcd to a short distance, a 

splendid llaine wdll pass between them of 
the form represented in 324. It will be observed that the 

form of the flame is not symmetrical with relation 

JUft*" to the two poles, the part next the positive point 
having the greatest diameter, and the diameter bc- 
coming gradually less in approaching the negative 

^ 618. It would be a great error to ascribe the 
01 light produced in charcoal pencils to the combustion 
Fig. 1x4. of that substance. None of the consequences or 
effects of combustion attend the phenomena, no carbonic acid is 
produced, nor docs the charcoal undergo any diminution of 
weight save a small amount due to mere mechanical causes. On 
tlie contrary, at the points where the calorific action is most 
intense, it becomes more hard and dense. But what negatives 
still more clearly the supposition of combustion is, that the incan- 
descence is still more intense in a vacuum, or in any of the gases 
that do not support combustion, than in the ordinary atmosphere. 

Peschel states that, instead of two charcoal pencils, he has laid 
a piece of charcoal, or well burnt coke^ upon the surface of mer- 
cury, connected with one pole of the battery, while he has touched 
it with a piece of platinum connected with the other pole. In this 
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manner he obtained a light whose splendour was intolerable to 
the eye. 

619. M. Foucault first applied the electric light produced by 
charcoal pencils os a substitute for the lime light in the gas 
microscope. 



rig. Ilf. 

Uhls appanitusp in the form in which It Is now constmeted by H. Dnboso 
of Paris, is represented in Jig. 325. M. Dubose has applied to his photo- 
eleetrie mlcroscopo a self-adjusting apparatus^ by which tha llghtia .main- 
tained with a noeriy uniform briilUhcr, notwithstanding the gndnal waste 
of tha cbarcoaU Hils is accomplisheil by an e1ectro-magnet» by which 
tha currant is re-aatablishad, whanerar It has a tmdancy to ba auapandad. 
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CHAP. XXIIL 
MEDICAL ELECTRICITY. 

620. Electric excitation has been tried as n curative agent for 
▼ariouf classes of maladies from the date of the discovery of the 
Leyden jar. Soon after the discovery of galvanism, Galvani 
himself proposed it as a therapeutic agent ; but although a great 
number of scientific practitioners in dbrerent countries have 
devoted themselves to the investigation of its effects, there still 
remains much doubt, not only as to its curative influence, but as 
to the classes of maladies to which it may be with advantage 
applied, and even as to its mode of application. It appears, how- 
ever, to be generally admitted that voltaic electricity is much 
better fijted for medical purposes tha^i common electricity, and 
that of the different forms of voltaic electricity, intermitting 
currents produced by induction are in general to be preferred to 
the inmie<liatc currents produced by the battery. It is even 
maintained by practitioners who have more^ especially devoted 
themselves to the study of its ellects, that different induced 
currents have different therapeutic properties. 

621. Duchenne’s electro- voltaic apparatus consists of a bobbin 
wrapped with coils of wire. 
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This bobbin is enclosed in a brass tube, o^fg, 326. The apparatus is fixed 
upon a mahogany case containing two drawers. The first contains a compass 
needle mounted as a reometer, and serving to measure the intensity of the 
priuiary current. Tlie second contains in a compact form a charcoal bat« 
tcry. The zinc clement si has itself the form of the drawer, and contains a 
solution of sea salt, and a rectangular piece u made of the charcoal of coke 
well calcined and prepared in the same manner as for Bunsen's battery. lo 
the central part of the cliarcoal is a little cavity, in which a small quantity 
of nitrii! acid is poured, which is immediately absorbed. Two rinbons of 
copper proceeding from the polos of the battery are connected wdth the 
buttons L ainl N atlachcil to the front of the drawer. The first of these 1* 
is roniiocted with tlie zinc end of the battery, and represents the negf.Mve 
pole ; and the second is connected witli the charcoal end, and represents the 
positive pole. 

When the drawers are closed, the buttons 1* and K are put in connection 
with two pieces ronnected with the arrangement combined within the- 
cylinder 0. One of those pieces is movable, so that the circuit can be closed 
and broken ut pleasure. 

Tlie iitdueed current is produced only at the moments when primary 
ciirroLit commences and teriiiinatcs. It is, therefore, necessary that the 
latter current slunild be subject to continued intermission. In the {iresent 
apparatus, these intermissions may be rendered at pleasure more or less 
rapid. 'I'o render them rapid, the current passes into a piece of soft iron A, 
which oHcillntos very rapidly under the infiuotice of a bundle of soft iron 
wires placed in the axis of the bobbin, and temporarily magnetised by the 
4\ii'rent. ll U this piece A which, by its uUernate motion to and iVo, inter- 
rupts and re-estubliHliPs the primaiy current, and by that means producca 
itie intermission of the induced current. 

To produce a slow intermission of the current, the oscillating piece A ia 
rendered fixed by means of a little rod b; and instead of making the current 
pass through the piece a, it is made to pass through an elastic ribbon e, and 
through tlie motal teeth of a wooden wheel with which that ribbon is cmi- 
fict'tcd, and which ap)icars in the figure above the needle of the galvano- 
meter. By turning a handle provided for the purpose, but which is not 
roj resrnted in the figure, tlio current is interriipteil as often as the ribbon e 
ceases to touch a tooth ; and as there are four teeth, there arc four inter- 
1lli.s^ions ill each revolution, so that the operator, by turning a handle more 
or rapidly, cuii vary #t will the rate of intennission, and, consequently, 
the luimbcr i>( shocks imparted in a given time. 

'i'o transmit the shocks, the extremities of the wire conducting the induced 
currcMit Are put in connection with two buttons k and f at the end of the 
cylinder, and these buttons are themselves connected by means of two con- 
ducting wires wrapped with silk, with two exciters having glass bandies 
Cl o. The operator holding them by the glass handles, and applying their 
bases to the two parts of the body of the patient, between which he intends 
to transmit the shock, the desired effect is produced, its intensity being regu- 
lated by turning the handle already mentioned. 

A regulator is also provided by which the intensity of the current can be 
varied at will. This consists of a copper cylinder which envelopes the 
bobbin, and which can be drawn from it more or less, like a drawer, by the 
aid of a graduated rod. The greatest intensity is produced when the 
regulator is drawn out, so as to uncover the bobbin altogether, and the 
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622. Pulvcrmachcr' s apparatus^ which is represented 327., 
v'onsists of a series of small cylindrical rods of wood, upon which 

are rolle'J, one beside the 
other, without contact how- 
ever, a wire of zinc and a 
A wire of copper. 

One of these rods, wiih 
the wires rolled upon it, is 
shown on a larger scale in 

At each of its ends the 
^ ^ zinc wire c </, of the cylinder 

A, is jointed to the copper 
wire of the cylinder n by means of two little rings of copper im- 
planted in the wood. The zinc wire of tHb cylinder n is then 
connected, in the same manner, with the copper wire of the third 
cylinder, and so on, so that the zinc of one cylinder always forms, 
with the copper of the following cylinder, a couple altogether ana- 
logous to the arrangement of the ordinary galvanic pile. 
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EXAHP 1 ,B 3 . 


T. Composition of Forces (Chap. III.)— All questions of composition of 
forces which act at a point, may be solved by repeated applications of the 
poralldiograin of forces. This principle gives the resultant of any two as a 
single force, which may then be substituted for these two. The number of 
forces then acting is reduced by one. Any two of these may again be re- 
placed by their resultant, and thus the whole of the forces may be at last 
reduced to one, which will be the single force whoso mechanical eifcct is the 
same as that of the whole of the original forces together. 

As an example of the numerical application of tliis principle, let it be 
required to And the resultant of two forces of 20 and 30 lbs. acting at an 
a , —jB nnffle of 45®. 

If A B is 20 inches (say) in length, a c 30, and 
the angle b A c 45^, the lines b a, ac wiU represent 

in magnitude and direction the two forces^ and by 

^ O'* the paralldogram of forces AD will r^resent their 

resultant* The problem is now one of geometry : %iz. to calculate the length 
of AD. From d let fall on a c produced the perpendicular d e ; then if A b 
and D B can be fbund, a d can he determined by the properties of the right- 
.mgled triangle. So far the method ia general. The difficulty in each par- 
ticular case will be only in determining k d and c e. In the present ez* 
ample, do e is 45^, and c £ d is 90^, so that cd k must be 4$^, and therefbre 
•equal to DCE. Therefore c k is equal to d e. Let the magnitude of eacli 
-jr. Then by (I. 47) D*«400^ or 2arS«4oo, a*M200, xm 

I 4 ‘I 4 *. • 

This then is de. Now, a E»30 + xaB 44*142, and A d* * 1(14* 142)^*** 
<44*i42)*«>2t48*52, or a d<s46*35. 


1. Find the fesultant of two forces of 6 and iS pounds acting at an angle 
yA of6c^. ar6 ponnda. 

/J iVbIf. IfABoisdcP, and ACopo^y'ncaBi AB. 


2. What single force is equivalent tq forces of 10 and is pounds actiiqi^ at 

an angle of 30P ? Ans. 21*25 pmmda. 

3. Findtheresultantoftwoforeesof 12 and 16 pounds acting at an angla 

cfpo^. Am. 20 pounds. 

4. Find the resultant rtf three jforoes of 10 pounds each, the first and third 

making angles of 6cP with the second. Ans. 20 pounds. 

FM first the resultant of the first and third. 


V 


J 

i 

4 
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5« A weight ot lo pounds is sospeoded by two strings which pass over 
piwejs in the same Itorizontal line; these strings^ after passing orer the 
pulleys, bear weights of 8 pounds each. The weight is placed so that the 
two strings are at r^ht angles. Will the weight in the centre tend to rise 
or lUI? and what force wilt be required to hold it in its fdaoe? 

The weight will tend to rise with a force of 1*5 pounds. 


II. 2U§olutloM 0 / Forcet.^If a force act in any direction and it be required 
tr« find its eflW.t in any other, the following method will glvt the result. 

Let A B be the force, a o the direction In which its eftet Is 
required. From b let foil a perpendicular on A oy and com- 
plete the rectangle acbd. Then An is cqniTalcnt to the 
two forces represented by a c and ad. ad has.no effect in 
the direction a c, since it is perpendicular to it, and the total 
effect of a n along a c Is represented by a c, which must therefore be 
csleulated In a numerical example. Let the effect of a force of la pounds 
iie required in a direction making an angle of with it. 

Here ABi8ia,BAciB 3oPand a b o is 6qP, therefore b c is half a b, or 6. 
A o is therefore 10*390. 



1. A weight of 5 pounds slides along a rod Inclined at an angle of 30^ to 
t!ie horizon. What force acting along the rod will keep it at rest ? 

Ans» ai pounds. 

a. A ship soils on a course inclined at an angle of 6 q 0 to the direction of 
the wind ; the sail bisects the angle between the ship’s course and the wind. 
Hepresenttog the force of the urind by 100^ what is the effective forrp in thq 
direction of the ship’s course, and what would it be if the saU were at right 
nngles (I.) to the wind, (11.) to the course? An$. 75. (i.) 5a (ii.) 50. 

Aofe. First find the effective force of tbo wind perpendicular to the sail, 
and then the effective force of this again in the direction of the ship’s course. 


III. Mfmentum^ — i. Compare (state the ratio between) the moments of two 
^ bodies, the one weighing 10 tons, and moving la feet per second, and the 
otlier weighing 15 tons and moving 04 feet per second. Am. i : 3. 

a. A mass of 5IUS. moving a4oft« per second meets an object moving 30 
miles an hour. Wliat mass moving 1,000 ft. per second would strike a fixed 
obstade with the same force ? Am. 1*4% pounds. 

3* A battering ram weighing 3 tons Is driven at the rate of 6 miles an 
hour. With what vclodty must a cannon-ball weighing 64 lbs. move to pro- 
duce the same effect? Ant. 904 feet per sec. 


IV. Oiwviiy.— The result given in the text may be thus expressed if a 
signli^ the space described, and i the number of seconds which have ellipsed 
since the commencement of the motion; t«Bi6f9. If o represent the vdodty 
acquired, it reeulte firora the theory of gravity that s««3il. From there two 
resulU mi^ be deduced the formula i^««64t. By means of them the loIlow«> 
Ing questi^ will besdved. 



A body foUs focm rest; what apace will It describe in 4 seeende? 

Ant. medfoet. 

What vdodly will It have at the end of la aeoonds? 

AnMm eSa fiaet iMr aeooiid* 

What velocity win It have when It has follen t,«96fiBet? 


Whet distance fsill It have follen when Its vdodly Is aid foet per second f 

Ans. yaplbel. 




EXAMPLES. 


T. Ccntr\fMgal Foree^^u Compare the centriftigal forces acting on a 
mass of in pounds moving in a circle of radios 5 incliest and a mass of so 
pounds moving in a drde whose radius is 4 inches in the same time. 

ns. 3 • 4* 

a. Compare the oentrifhgd forces actii^ on a mass of 15 tons revolving 
once in 5 ieoonds and a mass of 10 tons revolving i.,aoo times in an hour ia 
cirdes of equal diameters. Atu. 9 : 10. 

3. Equal masses move^ one in a circle of 400 yards radius with a vdocity 
of 30 miles a& hour, and the other in a circle of 105 yards radius witli a 
vdodtiy of 50 miles an hour ; compare the oentrifhgal forces. Ant. 9 : So. 

IfoU. The dreumference of a dnde is y of ttie diameter. 

VI. JIfeehanicai Fowert . — (Friction is here neglected.) 

Questions on these powers may perhaps be most readily solved by applir* 
cation of the prindple of work aa stated in Stc. 155. An examjde or tw» 
will suffidently ezidain this. 

Let D be a body resting on an inclined plane ; and let it be required to 
find below what limit the force p, tending to pull it up the must not 
0 fall in order to be able to raise it. Suppose the 

1C body moved to c. The work done by the power 
jiQ is obtained by multiplying p by c D. The work 
done on the weight is obtained by multiplying tho 
weight w by c k, the distance through which It ia 
raised ; and the first must be greater than the second ; i.e. px cd must ex- 
ceed w X cx, or p must exceed w x For c b and c d may be written 

ci> 

their proportionals, c n and c a, and the result is, p must exceed w 

This last substitution is based on the Sixth Book of Eudid, but it maybe 
dispensed with by making D start from a, which is indeed always the case 
ia piactioe. 

Again, suppose a weight to be raised by the action of a screw. The power 
describes a cirde whose radius is the lever by whidi the screw is moved. 
Suppose the screw to move through one revolution ; the weight rises the 
dUtanoe between two threads of the screw. The prindple of work then 
gives ; p X drde described >w x distance between the threads ; which is the 
formula for the screw. 

This method gives a limit below which the power must not fall. If the 
power hqs this limiting value exactly, the power and weight will be in 
cquUibriiim, and the machine will not move. 

I. Forces of la and 90 pounds act at the extremities of a lever of the first 
Idnd ; the longer arm of the lever is 15 inches. What is the shorter if tho 
foices are in cqoflibrinm? Ant. a inches. 

JfoU. In the lever the spaces through which the power and weight act are 
propoitiottal to j^idr distances firom the hilcrum. These may therefore bo 
used in the equation Instead of the real spooes; 

a. A bar is used as a Imr of the second kind whose length is 3 feet; tho 
vrilfl^taetoatadlstaiiioeof4inchMlhmi tbefolcrum. What wdl^ will a 
inwerof iponiidilMyaiioe? Ant. %7p0mdB. . 

p A lever of ^tidrd kind has anna of 5 and 7 indies ia knigth reqpeo- 
tmly. Wbatarastbethopowerwldch will balance a wdfl^ of 3 tens? 

Ant. ^tons4ewU 
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4. 'jnmelMnmnsedMlevIft of fhe second kind and so arrangol that 
pawtnr fff tisitih is snpftUed by the reristance of the one before as shown in 
theflgiire. 



ACmi*. UCb>3. A'c'bXO. 

a"©"-**. ii"c"-s- 




vrdf^ht ’vrill’ a power of 4 i>ounds bolance ? An$, 192 poonde. 

' JVoie, C^ciilate the weight which the power would balance at b. Mako 
thia weight the power for a' b' and so on. 

5. A wheel and axle is employed to raise a weight of 2,240 pounds. What 

must the power be if the radius of thiLwhcel be 3 feet and of the axle & 
inches? ^ Ant, 373I pounds. 

6. A wheel with 30 teeth works into a pinion with b teeth; the axle oftbo 

pinion is inch in diameter, and that of the wheel 2 inches. What weight 
(apjdied as in the wheel and axle) on the hxle of the whe^ will a power of 
56 pounds on that of the pinion support? Ant, 210 pounds. 

Abie. Suppose the whedl to revolve once, and calculate the spaces described 
by the power and weight. 

7. In the system of pulleys represented in^p. 69, what weight will a power 

of 28 pounds balance? Ana, 168 pounds. 


17 ^ 

Y annexed lystem of pulleys, what weight will a power 

U of 12 pounds balance ? Ana, 96 pounds. 

9. A weight of ado pounds rests on an inclined plane whose base is 12 amt 
height 5. What power acting up the plane will keep it at rest ? 

Ana, 100 pounds. 

10. A weight of 3 tons rests on an Inclined plane whose base is 15 and 
height 4. What power acting horizontally will keep it at rest ? 

Ana, 16 cwt. 

11. A lovef 4 f^t long Is used to turn a screw the distance of whoso 

threads is 1 inch ; a weight of 12 tons is to bo raised. What limit must the 
power exceed ? Ana, 89^ pounds. 

12. A screw is moved by a lever 18 indies in length, and turns a wheel 

with 90 teeth ; the axle of the whed, 6 inches in diameter, carries a weight 
of 270 pounds. What power will balance this? Ana, i pound. 

It. The area of the small piston in a Bramah press Is t sq. inch, that of 
the larger is 3,600 sq. inches, and the press is worked by a lever 39 indies 
long, attached to the small piston at a distance of 3 indies from the ftilcrum. 
Wbat prtsmre wiU a power of 112 pounds produce? Ana, 2,340 tons. 


THI EKO. 
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Humber* s New IVork on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By Wjli.iam Humber^ Assoc. Inst. 
C.E., and M. Inst. M.E. Author of **Cast and Wrought Iron 
Bridge Construction/’ &c. &c. Imp. 4to. Illustrated with 50 
Double riatcs, 2 Single Plates, Coloured Frontispiece, and upwards 
of 250 Woodcuts, and containing 400 pages of Text, elegantly and 
substantially half«bound in morocco. Price 6/. 6 j. . 

Lht c/ Contents : — 

I. Historical Sketch nf some of the means that have been ademted for the Supply 
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ciated with it. — 111 . Rainfall and Evaporation. — IV. Springs and the* water- 
bearing formations of various districts.— V. Measurement and Estimation of the 
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" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language/'— {first notice', Nov. 3. 1S76. 
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Bngwoer (third notice), Dec. xs, 1876. 

^^^e can congratulate Mr. Humber on having been able to give so huge an 
amount of inibiinarion on a suldect so important as the water supply of cities and 
towns. The plates, fifty m number, are mostly drawings uf executed works, l^ld 
alone would have commanded the attention of every engineer whose practice may Vm 
in this branch of the profession.'*— Dec. 9, iSjO. 
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Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Fractical, and 
Descriptive* By William Humher, Askuc. Inst. C.E., and M. Inst. 
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Strains, Formula & Diagrams for Calculation of 

A HANDY BOOK for the CALCULATION of STRAINS 
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with numerous Details for Practical Application, &c. By William 
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" The foriiiuhc are neatly expressed, and the diagrams good.”— 

*'Mr. Hiuulter has rendered a groat service to the araiitect and engineer hy pro- 
ducing a work csncciaily treating on tho inethodK of delineating the strains on irun 
l)c.iiits, roofs, and bridges by means of diagrams.*’— y*V//A/lr;’, 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON TIIE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Constntetion of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of T.ocomotlve Engines, and the effect of Inclined Planes 
and Gradients. By Pkter Barlow, F.R.S. A New Edition, 
revised by his Sons, 1\ W. Barlow, F.ILS., and W. IL Barlow, 
F.R.S., to which are added Experiments by IIODGKINSON, Fair- 
BAIRN, and Kirkai.dy ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Bars, by the Rev. 
kobkrt Willis, hLA., F.R.S. And FormuLne for Calculating 
Girders, &C. The whole arranged and edited by W. Humber, 
Assoc. Inst. C.E., Author of ** A Complete and Practical Treatise 
on Cast and Wrought-Iron Bridge Construction,** &c. 8vo, 400 
pp., with 19 large Plates, and numerous woodcuts, i8r. cloth. 

The book is undoubtedly worthy of the highest commendation**— 

** Tlie best book on tlie subject which has yet appeared. ...» Wo know of 
no work that so completely fuldh its misrioo.* — Mfchtmie^ 

** The standard treatise upon this particular subjecL”— /Tngiii/'rr. 
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Iron and Steel. 

‘IRON AND STEEL’: a .Work for the Forge, Foundry, 
Factory, and OfRce. Contahiing Ready, Useful, and 'I'rustwortky 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Biiildci*s, and 
l^rofessional Draughtsmen. By Charles Hoare, Author of 
*The Slide Rule,’ ^:c. ICighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of “ Foreign Mea- 
sures compared with the English Foot,” and ^'hxed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c.” 
Oblong, 321110, leather elastic- band, 6r. 

** We cordially rccommcud this book to those enfraged in considering^ the details 

of all kinds of iron :uid steel works It h:is been compiled with eve and 

accuracy Many useful rules and hints are Ktven fur lesseiiinj; the 

amount of arithmetical labour which is always more or less necessary in arrangin^j^ 
iron and steel work of all kinds, and a threat quantity of useful tables for preparing 
estimates of weights, diiiienstoiis. strengths of structures, costs of work, iS:c. , will be 
found in Mr. Hoare's book.— .V(rr7‘#(/.S'< 

Wealds Engineers Pocket-Book. 

THE ENGINEERS’, ARCHITECTS’, and CONTRACTORS’ 
POCKET-BOOK (Lockwood & Co.’s; formerly Weale’s). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
plates and iiumerous^'Woodcuts. Price 6x. 

” A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reaUty, what it professes to be — a pocket-book 

We cordially recommend the book. — Colliej^ Guardian, 

** It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally."— yourtiai. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Applicatien. Especially arranged for 
the use of Students and Practical Mechanics, alt Mathematical For- 
mula: and Symbols being excluded. By Francis Cam pin, C.£. 
Second Edition revised and corrcctetl. With numerous Diagrams. 
l2mo, cloth boards, 3^. 

"Invaluable to those who liave not been educated in mathematics.**— 
Guardian, 

" Remarkably accurate and well written."— 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING: comprisin|[ Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machmeiy, Mechanical Manipulation, Manuiac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysts of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.£. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearii^ and Riveting 
Machines — Blut, Refining, and Reverberatoxy Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. 8vo« cloth, 12J. 
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Pioneer Engineering. 

PIONEER ENGINEERING, A Treatise on the Engineering 
Operations connected with the Settlement of Waste Ivands in New 
Countries. By Kdward Douse > n, Assoc. Inst. C.K., Author of 
*‘The Art of Building,’* &c. With numeroas Plates and \yood 
Pmgravings. Crown 8vo, lOf. 6r/. published, 

'* A most useful haiulhuok to engineering pioneers. Dec. 3, 1876. | 

** The author's cxrKsrieiice has ^en turned to good account, and the book is likely 
to be t»f considerable service to pioneer engineers.**- -JhiUding AWfw. 

** Promises a great deal, and fulfils most of its promises Of use to the 

colonial pioneering surveyor and engineer. * — Scotsman 

Nav Iron Trades' Companion. 

THE IRON AND METAL TRADES’ COMPANION; 
Being a Calculator containing a Scries of Tables upon a new and 
comprehensive }>1an for expeditiously ascertaining the value of any 
goods liought or sold by weight, from i.v. per cwt. to 112s. per 
ewt,, and from one farthing per junind to one shilling per pound. 
I*’.ach Table extends from one pound to 100 tons ; to^which are 
appended Buies on Decimals, S<iuare and Cube Root, Mensuration 
of Superficies and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. By 'rii(>M.\s Downik. Strongly 
bound in leather, 396 pp., price 9.V. 

*' A itu).Ht useful set of tables, and will supply a want, for not)ung like them befon* 
existed. • /^wi'A/iwv A>;»'.v, Dcr. 8, 1876. 

** Wu have tested the calculations at randum and found them correct.'*— 
(tnardian, Dec. r, 1870. 

** Will skive the pUHSCNNor the trouble of making numerous intricate calculations. 
Although .sp«:cinliy adapted to the irf>ti and metal tr;ules the tables contained in this 
handy little roinpanioii will la* found tiHerul in every other business in which mer* 
i'hamlise is bought and sold by \\ eight. *‘—A*o/ytivi^ Acfi-A, Dec. o, 1876. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VlLLACiKS. Comprising:--!, Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply, A UHofti] book for Members of [..ocal Boards and Rural 
Sanitary Autlioritics, Health Ofticevs, Kngincers, Surveyors, 
Builders, and (’ontractors. By CiiARi.Ks Si.At;r., Assoc. Inst. C.K. 
C'rown 8vo. cloth, price 5.?. [yttst published, 

Mr. Slagg 1 ms brought tosether much valuable information, and has a happy 
lucidity of expression ; and he has been itulustrioiis incnllecting data.** — Aihenetmtt, 

***l'his is a very useful laaik, and may be 5:(|iL'ly recoinmcnded The author, 

Mr. Charles Slagg, h.is hiul praciionl extiericnce in the works of which he treats. 
There is a great deal of work rc<)uired to be done in the smaller town.s and villages, 
and this little volume will help those who arc willing to do it."— AV/i7</r>*. 

Steam Engine. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Jleing an Extension of Mr. 
John Sewell’s Treatise on Steam. By D, Kin near Clark, 
C,E., M.I.C.E., Author of •‘Railway Locomotives,” &c. With 
Illustrations, tamo, cloth, 4s, 

** Everv cMcntial part of tha subject is treated of competently, and in a popular 
Style. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F, W. Sheilds, 
M. Inst. C.£. Second Edition, with 5 plates. Royal Svo, 5^*. cloth. 

Contents.— Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between suprorts ; Beams uniformly Loaded ; Girders with triangu- 
lar bramn^ Loaded at centre : I>itto, Loaded at unequal distances between supports : 
Ditto, Uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any rc^lar figitre ; Plate Girders ; Ap- 

K rtionments of Material to Strain : Comparison of dilferent Girders ; Proportion of 
ingth to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3J. 6</. ; cloth limp, 2J. 

^ ** A very ?i5M:ful and thoroughly practical little volume, in every way deserving of 
circulation amoiimt working men."— yaurunL 

No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be witliout it .*’ — South Durham Merctiry, 

Power in Motion. 

POWER IN MOTION ; Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &:c. 
By James Armour, C.E. With 73 Diagrams. laino, cloth 
boards, 6 d. 

y Numerous itliisirations enable the author to convey hts meaning as explicitly as 
it is perhaps possible to be conveyed. The value of the theoretic and practical know- 
ledge imparted cannot well be over estimated.*' — IsTezucastle tVeehly Chronicle, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Proce-sscs of Manufacture of 
Iron and Steel, &c. By H. Bauer man, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. izmo, cloth boards, Sj*. 6 d, 

" Carefully written, it has the merit of brevity and conciseness, as to lcs.s important 
points, while all material matters are very fully and thoroughly entered into/'— 
StamiartL 

Trigonometrical Surv^ing. 

PCm OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance^ Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Fromb, R.E., late In- 
spector-General of Fortifications, &c. Fourth Edition, Enlarged, 
thoroughly Revised, and partly Rc-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and 115 Woodcuts, 
royal 8vo, price i6j. cIoIIl 



$ WOkKS IK Els'GlNEEklKG, SUkVfeYlNG, EtC., 


Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
ont of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By Fkkjjkrick Walter Simms, M. Inst, C.E,, Author 
of A Treatise on Levelling.** Third Edition, Revised and Ex- 
tended, with additional chapters illustrating the Recent Practice of 
Tunnelling as exemplified by the St. Gothard, Mont Ceiiis, and 
cither modern works, by 1>. Kinnkak Clark, M. Inst. C.E. 
Imp. Svo, cloth, with 21 Folding Plates and numerous Wood 
Engravings, price 30J. \yust published. 

h is the only practical treatise on the great art of tunnelling. Mr. Clark’s work 
1)1 ings the exigencies of tunnel enterprise up to our own time. The great length of 
modern tunnels has led to .1 new difficulty in the art, which the last generation was 
ifliioruiU of, namely, the difficulty of ventilation. In Mr. Clark*.s supplement we find 
iTiis hrnnch of the subject has licen fully considered. Mr. Clark’s additional chapters 
on the M<int i.'cnis and St. Gothard Tunnels contain minute and valuable experiences 
and data relating to the method of excavation by compressed air, the heading 
«>]Miraiiiins, ruck-biiriiig nincliincry, process of enlargement, ventilation in course of 
construction by compressed air, labour and cost, AVriv, Dec. S, 1876. 

'* The estimation tii which Mr. Simms* book on tunnelling has been held for over 
thirty years r.aniKit be more truly cxprci^d than in the words of the late Professor 
Kaukiiic : — ’ 'Phe licst sourer of information on the subject of tunnels is Mr. F. W. 
Simms' work on *' Practical Tunnelling .’*’ — The Arvhitcct^ Dec. 9, 1876. 

Levelling. 

A TREATISE on the PRINCIPLES wid PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Constniction of Roads ; with Mr. 
Tklford*s Rules for the same. By Frederick W. Simms, ‘ 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwink's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8j. 6</. cloth. Trautwine on Curves, separate, price Jr. 

*' One of the most important text-books for the general surveyor, and there is 
scarcely u question connected with levelling for which a .nolution would be sought but 
that would be satisfactorily aiisweied by consulting the volume. yournai, 

**The text-buok on levelling in most of our engineering schools and colleges.**— 
Engineer, 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especiidly to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Platt, Mecklenberg. Translated from the German, with Notes, by 
Dr. Po le , F.R.S., Ml. Inst. C.£*| &c. &c. l^ith 28 fine Plates, 
8vo, i6r. 6^. doth. 

** A wwk like this, wMch goes thoroughly into the examination of the hig^t - pre sstti e 
ftigiiie, the boiler, end its appendages, ftc. is exceedingly useful, and deserves a place 
In every scientific Ubrary.**— dTlreivf SMppwg ChrQHicie. 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULi® 
for finding the Dischaim of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catdiment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Oivil Enmneer, M.R.I.A. Third Edition, carefully revised, with 
considerwle Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth. 
** Undoubtedly an exceedingly useful and elal>orate compilation." — Iron^ 

** Will prove alike valuable to students and onnneers in practice ; its study will 
prevent the annoyance of avoidable failures, and assist them to select the readiest 
means of successfully carrying out any given work connected with hydraulic en- 
gineering." — Mining yournaT, 

Strength of Cast Iron^ &c. 

A PRACTICAL E.SSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
InstsC.E., Author of Elementary Principles of Carpentry,’* &c. 
Fifth Edition, Edited by Eaton Hodgkinson, XR.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, i2r. cloth, 

Hodgkinson’s Experimental Researches on the 
Strength and Other Properties of Cast Iron moy be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS ; their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users’ Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. Fourth Edition. i2mo, 
cloth boards, 328 pages, price 6s, 

**We regard Mr. Wilfion's treatise as the best work on boilers which has come 
under our notice, and we consider that all toiler makers and toiler owners should 
give it a place in their libraries.** — Ksigisteering, 

' '*The best treatise that has ever toen published on stc.im boilers." — Engin^fr. 

** A valuable coatribution to the subject of steam Ixulcr literature 'Fhe 

l)Ook is full of hints which the proprietor of a steam boiler would find it to his advan- 
tage to know." — Iron and Coal Trad A A'ct'/Viu, 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Bbazsley, M. Inst. C.£. Printed on 48 Card^ and sold in a 
cloth box, waistcoat-pocket size, price Jx. 6d, 

** Each table is printed ona small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument— *no small advantege as regards the rapidity 
of wofk. Hiey are clearly prmted, aad compacUy fitted into a small case for the 
pocket— aa anaagement that will recommend tnem to all practical men,**^^JSttgitioor, 
** Very handy : a man may know that idl his day's work must fall on two of these 
cards, whiph he puts mto his own card-case, and lea%'es the rest 
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, EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of So feet By JusEr-H Broadbent, C.E., and Francis 
Cawpin, C.E. Cr. Svo, oblong, Ss. cloth. 

*4 Crediuble to both the authopi and the publishers. . . . The way ig which 
accuracy U attaiped, by a simple division of each cross section into three elements, 
two of which are consUint and one variable, is ingenious.*’— /I 

** Likely to he of corsiderable service to engineers .** — building News, 

Cannot fail to come into general use .**— yourttaL 

** These tables, which arp clearly printed and easily arranged for reference, will be 
nuiid to facilitate the accurate detcrinination of the quantities of earthwork ip making 
piq estimates. * — (Luglish AiecAauic* 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plana for Koads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Desermtion 
and Use of Surveying Instruments. By W. Davis HaskC'LL, C.E., 
Author of ‘*The Engineer’s Field Book,” ^‘Examples of Bridge 
and Viaduct Construction,” &c. Demy Svo, price I2s, 6d, cloth, 
with 14 folding Plates, and numerous Woodcuts. 

** A most useful and well arranged book for the aid of a student We 

can strongly reconuiiend it as a carefully*wniten and valuable text-book.*’7-.£iii4/(rr. 

** Mr. HaskoU has knowledge and ex|)erience, and can so give ex]>ression to it as 
to make any matter on which he writes, clear to the youngest pupil ui a surveyor's 
office.*’— C<»///e>y Gnardian, 

** A volume which cannot fail to prove of the utmost practical utility. .... It 
is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors.'*— dZ/Mii/A'' JourPuU, 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, H3rdrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.K. Numerous folding Plates. Demy Svo, 2 
vols. in one, cloth boards, x/, ix. (published at 2/. 4X.) 

Mining, Surveyinc^ und Valuing. 

THE MINERAL SURVEYOR AND VALUER’S COM- 
I’LKTE GUIDE, comprising a Treatise on Improved Mining 
Surveying, witli new Tr-averse Tables ; and Descriptions of Im- 
proved Instniments ; also an Exposilion of the Correct Principles 
of I.xiying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties: to which is appended M. THOMAN’S (of 
the CrAlit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, with LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer. i2mo, 
strongly bound in cloth boards, with four Plates of Diagrams, 
Plans, &c«, price tar. 6d* 


it one of the b^t of its kind.*'*— 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fite-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildin|^ and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
H^dsomely printed, 544 pp., demy 8vo, price 1/. cloth. 

We can most heartily commend this t)ook. .... It is really the only English 
work we now have upon the subject.*' — EngtHteriHg, 

We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades. Magazine, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo. With an Atlas of Plates, containing 235 Illustrations. 410. 
Together, price pj. cloth boards. 

** Students in the Science cf Mining, and not only they, but subordinate olficials in 
mines, and even Overmen. Captains, Managers, and Viewers may gain practical 
kiiowlctlge and useful hints by the study of Mr. Morgans' M an urn. **— 
Guardian. 

'* A very valuable work, which w'ill tend materially to improve our mining litera- 
ture, yottmai. 

Common Sense for Gas-Users. 

COMMON SENSE FOR (JAS-USERS : a Catechism of Gas- 
T.ighling for Ilou.scholdcrs, (fasfiltcr.s, Millowncrs, Architect.^, 
Engineers, &c., ivc. By Rop.krt Wilson, C.E., Author of “A 
Troali.se on Steam Boiler.s. thrown 8 vo. sewed, with Folding 
Plates and Woo<l bhigraviiigs, 2 s. Of, \Just published. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAE GAS. 
By Samuel Hugiiks, C.E. Fourth Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, i2mo, cloth boards, 4^. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a I)e.sciiption of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
F.G.S,, Civil Engineer. Nc\r and enlarged edition, l2mo, cloth 
boards, wdth numerous Illii^trations, price 5 l 
'* One of the mo.st convenient, and at the name lime relUiblc works on a stibject, 
the vital importance of which cannot be over-estimated." — Bradford Observer, 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Warington W. Smyth, M.A., F.R.S., dec., Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected, i2mo, cloth boards, with nume- 
rous Illustrations, price 4X. 6 d, 

** Every portion of the vedume appears to hare been prepared with mneh care, and 
as an ouUino is given of every known coal-field in this and other countries, as well as 
of die two priiicipot methods of working, the book will doubtless interest a vf ry 
large nitmbCT of readers." — Mining yenrnai. 
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Field-Book for Engineers. 

THE ENGINEER’S, MINING SURVEYOR’S, and CON* 
TRACTOR'S FIELD-BOOK. By W. Davis Haskou, CivU 
Engneer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner ; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and l.«rt-hand Readings of the Instrument; Setting out Curves 
W'ithout 'rhcodolitc on the System of Tangential An^es by Sets of 
'r.THgcnts and Offsets; and Earthwork Tables to 8o feet deep, cal- 
culated for every 6 inches in dcpllu With numerous wood-cuts, 
laino, price 12s, cloth. 

•'A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of suen a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume.'*— 
way Neitv, 

" 'Die hook is very haiitly, and the author might have added tliat the separate tables 
of sines and tangents to every mhuite will make it useful for many other purposes, the 
genuine traverse tables existing all the same."— 

''I'hc work forms a handsome pocket voliiiiie, and cannot fail, from its portability 
^d utility, to be extemiivcly patronised by the engineering profcssion.’^AffttiVi^ 
ypumesL 

We strongly rccotiitnend Mr. Haskoirs * Field book* to all classes of surveyors." 
— CV»//Afry Cuartiiau* 

"We know of no better field-book of reference or collection of tables than Mr. 
H.Tskull s.”— 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alkc. T. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. cloth. 

** As a really handy book for rererence, wo know of no work equal to it ; and the 
railway engmcerH and others employed in the measurement and calculation of earth 
work will find a great amount of pnicCical information very admirably arninged, and 
availaiMe for general or rough estimtites, as well as for the more exact calculations 
required m the engineers' contractor's otTicca."— /iF-r/anw. 

Harbours. 

THE DE.SIGN and CONSTRUCTION of HARBOURS s A 
Treatise on Maritime Engineering. By Thomas Stevenson, 
F.R.S.K,, F.G.S,, M.l.C. E. Second Edition, containing many 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. Small 410, 151. doth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employ^ by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, Bl Inst. 
♦ C.E., Author of “ Practical Tunnelling,” &c. Third Edition, with 
numerous Cuts. i2mo, price 3s. doth. 
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Bridge Construction in Masoniy^ Timber^ & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; oonsistine of 
46 Pkites from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
i]}ustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2J. 
half-morocco. 

One of the very few worVs extant cfescemling to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. Haskolis experience, must prove invaluable to 
hunareds. The tables of ciAimatcs uppended to tlii.s edition will considerably enhance 
Its value.”— 

Alathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS ; their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
incurs. ByJ. F. IIeather, M.A., Author of “Practical Plane 
Geometry,” “Descriptive Geometry,” &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts. 
l2mo, cloth boards, price Sj. 

Drawing for Engineers, Cfc. 

THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Third Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. 121110, cloth, strongly bound, 41. 6/4 
** Even accomplished dmiightSTnen will find in it much that wmII be of use to them. 
A copy of it should be kepi (or reference in every dr.twing office.” — KngineerUtg, 

** Indispensable for teachers of engineering drawing.”— Mnganitic, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price Ss. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second ICdition, corrected by W. li. 
Bari.ow, M. In.st. C.E. Imperial 8vo, I2j. cloth. 

**Thc standard text-book for all engineers rcg.'irding skew arches, is Mr. Buck's 
treatise, and it would l>e imyiossiblc to consult a better.” — Engineer, 

Pocket-Book for Marbie Engineers. 

A POCKET BOOK FOR MARINE ENIilNEERS. Con- 
taining useful Rules and Formulx in a compact form. By Frank 
' Proc tor, A.l.N.A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, price 45*. 

**We recommend it to our readers as going far to supply a long-felt want.”-* 
Naval Science, 

“ A most useful companion to all marine engineers.”— Service Gazette, 
''Scarcely anyUiing required by a naval engineer appears to have been for- 
gotten.— /rvw. 
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Grantham's Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Inijx 4to, boards, enlai^ed from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, cloth limp, also considerably enlarged. 
By John Grantham, M. Inst. C.E., &c. Price 2/. 2J. complete. 

'* A thoroujrhly practical work, and every question of the many in relation |p iron 
shipping whiidt admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 

. . . . As good a volume for the instruction of the pupil or student of iron naval 

architecture ns can be found in any language. Mcchattict* yourfial. 

** A very elalioratu work. ... It forms a most valuable addition tt> the history 
of iron Hhipbiiilding, while lia having been prefKircd by one who bus made the sufjjcct 
his study lor many years, and whose cptalificutioiis have been repeatedly recognised, 
will rccomnietiil it a:, one of practical utility to all iiitcrcsted iu shipbuilding."— r»/<y 
tistei AVit'V Cnzettf. 

“ Mr. iiraniliatns wolk isof great intcrc.st. . . . It Im also valuable as a record 

f>r tlie piogrcss of iron shipbuiMing. ... It will, we arc coiilidcnt, cuiiiinand an 
extensive rirculacinn amfuig sliipbiiildcrs ill general. . . . I!jr order of the Hoard 

III Admit. illy, tho work will form the texl'hcN»k on which tlie c.xaniinaiion in iron ship- 
building of (Miididatcs fur pruiiiution iti the dockyurd.s will be niaiiilyg,bascd."— 
i'Uigtm't'riiig 

Wealds Dictionary of Terms. 

A DICTrONAKY of TERMS iiscil in ARCHITECTURE, 
liUH.DING, EN<aNEERIN(;, MINING, METALLURGY, 
AKCna;OI.OGV, lUc EINK arts, &c. Uy John Wkaie. 
Fifth Ftlilion, rcvisotl ainl concclod by KoiiKRT lit^NT, F.R.S., 
Keeper of jMiniiig Record.^, lulitor of “ Ure*s Dictionaiy of Arts ” 
&c, I2mo, cloth Ixianls, price 6 s, 

** A book for ibe cnlightenincnl of those whose innnory is treacherous or educatioii 
tlcfu’iuiit ill iiiiitlrrM scii-nlilic .nid ttidtistri.it. Tho adilitions luailc tif modern disco- 
and kiiowicilge arc extensive. 'I’lic icmiIi is of concentrafed c.sscnrc* 

of cdciiu'utary know Irtlgc, admiiabl)' and .syMcmalically .inangcd, and presented in 
uc.it and liandy form." h\*$i. 

'* 'I'hc best small tec linohigieal dirt ion.ary in the language." .hihitrrt, 

** A I'uiuprchcnsivc and arciiraie etimpendiiim. Author, tdiior. and publishers dc- 
sfr\c high I’rimni ud.ilitins for pioduclng muIi .1 useful work. Wc ran warmly rerom- 
mend sui'h a ilir lioiuiry as a standard woik of' rcl'criMn'c to mir subscribers. Kvery 
niiniiioiigcr sboiild proettre it no cngiiircr should be withuiil it — builders and archi.* 
IcctH must tubnirc it n\elariuigi*'t'> and an ba:ologi< is wovdd profit by it.” — Irtm- 

** The absolute accuracy of a woik t»f this «*h:ir,irter can onix’ be judged of after 
extensive eonsultatioti. aiul from out- exaiiiinatiou it appears very correct and very 
coni pic t c. d/ in i *tg f run I . 

**j'liere is no need now to speak of the evcellcnre of this work : it rcceix-cil the ap- 
proxal of the conimuiiity long ago. Kdiicd nox^by Mr. Kobert Hunt, and published 
111 a cheap, handy foim, it will be of the utmost service as a book of reference scarcely 
to be exceeded in value."— .Vifc»/ 4 v//<rw. 

Steam. 

THE SAFE USE OF STEAM : coiilaininR Rules for Unpro- 
fessional Steam Users. By an Enium-kr, 'rhiril Edition. I2nu>. 
Sewed, Cr/, 

N. B . — This little %wrk should be in the hands of evety person 
hennn^ to deal tvitk a Steam JSn^ine of any hind, 

** If Mcain*uscrs would but Icam thisi little book by heart, and then hand it to 
their stokers to do the same, and see that the latter do it, boiler explosions would 
become scii.^utiotis by ihrir rarity ,"— Alei f\nnu\ 
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Ows/ruc/ioM. 

THE SCIENCE of BUILDING : An Elemental Tmtise on 
the Principles of Construction. By E. Wyndham Tarn, M. A., 
Architect. With 47 Wood Engravings. Demy 8vo. &r. 6^. cloth. 
*' A very valuable book, which we stronely recommend to all students.'*— 
Ndeurchitectural student should be wiuout this hand-book."— 

** An able digest ol infonnation which is only to be found scattered through various 
works.”— 

BeatofCs Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters’ 
and Joiners’ work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.’ 33 Woodcuts. Leather. Waistcoat-pocket size. ar. 

BeatoiCs Builders* and Surveyors* Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms use<l m Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work iti 
all the Building Trades, &c., &c. By A. C. Beaton, Author of 
* Quantities and Measurements.* With 19 Woodcuts. Leather. 
Waistcoat-pocket size. 2.r. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specincations and Estimates. By C. Wickrs, Architect, 
Author of “ The Spires and Towers of the Mediaeval Churches of 
England,” &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol. 4to, price 2/. lOr. half 
morocco. Either Series separate, price 1/. •js, each, half morocco. 
The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive to ardiitecu, students, and 
amateurs."— Ntwt, 

Ho7is€ Pamting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Wood.s and h{^rblc$, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of ^Building Construction,’ &c. 
Second Edition, carefully revised. X2mo, Cs, moth boards. 

** Many persons in the trade may profit by a study of tlie chapters on the * Princi- 
ples of Decorative Art,' and of what we may call the 'lessons' on drawing suitable 
for sign painters, writers, and decorators. These chapters will be of ttnsiderahic 
valiie to the painter's apprentices, while his journeymen will certainly be interested if 
not benefited by their penisal. The book Is freely illustrated, and has some coloured 
plates of woods and marbles. It contains a mass of information of use to the amateur 
and of value to the practical man." — English Meckanic. 

** with the practice of painting m all its parts, from the grinding of colours 

lo varnishing and gilding."— .4 rrA/Vrr/. 

** Carefiilfy and lucidly written, and entirely reliable. hVtekfy AV- 

gorier. 
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A Book on Btnldmg. 

A ROOK ON BUILDING, CIVIL AND ECCLESIASTICAL. 
By Sir Edmund Beckktt, Bart., EL.l)., Q.C., F.R.A.S., 
Author of “ Clocks and Watches and Bells,’* &c. Crown 8vo, 
cloth, with Illustrations, price 7^. td, 

** A book which Is always amusing and nearly always instructive. Sir £. Beckett 
wlU be read for the raciness ol hU style. We are able very cordially to yeoommend 
all persons to read it for theinselve.«. I'be style throughout is in the highest degree 
condensed and epigrammatic.*'— 7V///«jr, Dec. 8, 1876. • 

** We commend the book to the thoughtful consideration of all who are interested 
In the building art.” Jittiltivr, Dec. 1876. 

** lliere is nardty a subject connected with either building or repairing on which 
sensible and practical directions will not lie found, the ii.se of which is probably 
destined to prevc^nt many .'ui annoyance, disappointment, and unnecessary expense.^ 
— DaiXy Ne\v$t Nov. 38, 1876. 

Architecture, Ancient and Modern. 

RUDIMENTARY ARCHITfXTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi* 
tccture, by the Kakl of Aberdeen ; the ORDERS of 
Architecture, by W. 11. Leeds, Esq.; The STYLES of Archi- 
tecture of VarioiLs Countries, by T. Talbot Bury ; The 
TRINCirLES of DESKiN in Architecture, by E. L. Garbktt, 
In one volume, lialf bouiul (pp. i,ioo), copiou.sly illustrated, l2jra 
Sold separaiclv^ in hvo vo!s,y as foiltnvs — 

ANCllCNT ARCHITECTURE. Containing Gwilt’s Vitruvius 
and Aberdeen’s Grecian Architecture. Trice os, half-bound. 

N.B. — yVtis is the only edition of VITRUV/US procurable at a 
Moderate price, 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Dc.sign, by Garbcll. 6s. half-bound. 

The Young ArchitaCs Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight. 
WICK, Architect, Author of ** The Palace of Architecture,” See. &c. 
New Edition, revised and enlarged. By G. Huskisson Guil« 
LAUME, Architect. Numerous illustrations. i2mo, cloth boards, 4J‘. 
** Will be found au acquisition to pupils, and a copy ought to be consider^ a.s 
nrressar)’ a purchase as a bo.\ of insirttim-iit>."-'-.rDt7//yf‘('/. 

*‘ Cutituins a large aiuoiiiit of iiiformatioii, which yoiinj; architects will do well to 
ai'ipiirr, if tlu-y wish to succeed in the everyday work ot their professiun.— 
AirehaNif, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Groror Pynk, Author of a “ Rudimentary Treatise on Per- 
spective for Beginners.” With 14 Plates, 4to, 7r. 6d. boards. 

Builder's and Cofitractors Price Book. 

I.OCKWOOD & CO.’S BUILDER'S AND CONTRACTOR’S 
PRICE BOOK for 1877* containing the latest prices of all kinds 
of Builders* Materials and Labour, and of all Trades connected 
with Building, &c., Stc. The whole revised and edited by 
Francis T, W. Miller, Architect and Surveyor. Fcap. 8vo, 
strongly half-bcund, price 4.^. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or. Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed ^ eminent 
Architects and Engineers. Preced^ by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c. By Professor 
'Bhomas L. Ddnaldson, M.LB.A. With A Review ok the 
Law op Contracts. By W. Cunningham Glen, of the 
Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, a/. 2x. 

** In these two volumes of x,ioo ps^es (together), forW-foiirspecificattonsof executed 
works are given, including the specinaitions for parts of the new Houses of Parliament, 
by Sir Charles Barry, and tor the now Royal Exchange, bv Mr. Tic^ M.P. 
Donaldson's Handbook of Specifications must be bought by all architects."«-’i7iiiV(f<rr. 

Taylor a^id Crew's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., P'.S.A., and Eoward Crksy, Esq. 
New Edition, thoroughly revised, and supplemeJited under the 
editbrial care of the Rev. Alexander Taylor, M.A. (son of 
the late G, L. Taylor, Esq.), Chaplain of Ciray’.s Inn. This is 
the only book whicli gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome ill plan, elevation, and detail. Large folio, with 130 Plates, 
half'bound, price 3/. 3.^. 

*** Originally published in two volumes, folio, at 18/. i8j. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE i 
A Guide to the Architect, Engineer, Surveyor, and Builder; with 
an Essay on the Structure aii<l Science of Modern Buildings. By 
P'REDERICK Rogers, Architect, With numerous lllustration.s. 
Demy 8vo, price 15X., cloth. (Published at i/. lor.) 

A volunieof specihcatioiiJi of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. He has also inserted specifications of works 
that have been erected in his own practice. 

The House-Owner's Estimator. 

THE HOUSE-OWNER’S ESTIMATOR; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional l*coplc a.s well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Enivncis T. W. Miller, Sur\^eyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
revised to 1875. Crown 8vo, cloth, price 3^. 6</- 
** In two years it will repay its cost a hundred times over." — 

** A very handy book for those who want to know what a house will cost to build, 
alter, or repair.**— /iwWjffA Mechanic, 

** Especially valuable to non-professional readers . — Mining yourptal. 

Useful Text-Book for Architects. 

THE ARCHITECT’S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c., &c. By Frederick Rogers, Architect, 
Author of * Specifications for Practical Architecture,’ &c. With 
numerous Illustrations. Crown 8vo, 6s. cloth. [,7usi Publishui, 
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CARPENTRY, TIM BER , MECHANICS. 

Tred^ld^s Carpentry ^ new and cheaper JEditwn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. Tqenrhich 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous *1 ables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Trbdgolx>, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i 1 of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2j., reduc<^ to i/. 5^., cloth. 

** * Tredffold*!! Cnrpentry ' ought to be in every architect's and every builder's 
library, and thoite who do not already posjiess it ought to avail themselves of the new 
iiwite. 

"A work whose monumental excellence must commend it wherever £cilful car- 
pentry is concerned. TIic Author's principles are rather confirmed than impaired by 
lime, and, as now presented, combine the surest base with the most interesting display 
of progressive science. The additional plates are of great intrinsic value."— Zrw<7aiVj^ 
Pfrwt, 


Grandy's Timber Tables. 

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S, 
and BUILDER’S STANDARD GUIDE. By Richard E. 
G KANDY. Comprising An Analysis of I>eal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landoil Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
Second Edition. Carefully revised and corrected. I2mo, price 
;;j. 6(/. cloth. 

*' Everything it pretends to : built up gradually, it leads one from a forest to a 
trecnuil,anii throws tn,nsu lunkowcight, a host of material concerning bricks, columns, 
cisterns, &c.— all that the cltiss to whom it appeals reciulrcs.**— M§chantc» 

" The only difliciilty w'e have is as to what is not in its pages. What we have tested 
of the contoiits, taken at random, is tiivariabiycorrect."— 

TaPles for Packing-Case Makers. 

PACKING-CASE TABI.ES ; showing the number of Superficial 
Feet in BoxtfS or Packing-Cases, from six inches square and 
upwards. Compiled by Willi a\i Richardson, Accountant* 
Oblong 4to, cloth, price 3 a 6</. 

Will save much bibour and calculation to packing-case makers and those who use 
packing-cases."— Cmcr. ** Invaluable labour-saving tables."— /rm/wifgvr. 


Nicholsods Carpenters Guide. 

THE CARPENTER’S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementaiy Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson’s standim work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George IStne. With 74 Plates, 4to, 1/. ts. cloth. 
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Dowsing s Timber Merclumt's Companion. 

THE TIMBER MERCHANT’S AND BUILDER’S COM- 
PAN ION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that ea^ size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
PKe per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Culie Foot. Also a 
variety of other valuable information. By WiLi.iAM Dowsing, 
Timber Merchant, 'rhird JOditiuii, Revised and Corrected. Crown 
Svcj, 3J. cloth. 

"Everything is ns conci*'*. and dear as it can i>os**ibly be m.Tde. There can be m? 
doubt that every tiiiil)cr incrchaiitaiul builder uiiglilto ])osscsi> AdvertUer, 

Timber Frei^fu Took, 

THE TIMIU'.K IMl’fJKTKRS’ AND Snil’0\yNKRS’ 
FUftlGllT BOOK : Being a Coinprclicnbivc Series of Tables for 
the Use of 'i'irnber Jinjunters, U.iptaiiis of Shij»s, Shipbrokers, 
Builders, and nil Dealers in Wood whatsoever. By Wjbl-IAM 
Kicitardson, I’iinbcr Broker. Crown 8vo, cloth, price Os , 

H or tods A I easier cr. 

THE COMi’LETE MEASURER ; setUng furlh the Mc.isurc- 
ment of Boards, Glass, &c., &c. ; Uncqnabsidcd, Square-sided, 
Octagonal-sidcd, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the rcsj)ective species <»( 
trees, and jiroper deductions for the wa.ste in hewing the trees, 
&c. ; also a Tabic showing the solblity of hew'ii or eight-sided 
limber, or of any octagoiial-siiled column. Compiled for the 
accommodation of Timber-growers, McrcJiants, and Surveyors, 
Stonemasons, Architects and others. By KlCirAttl) IIoRTON. 
Third edition, with consivierable and valuable additions, 121110, 
strongly bound in leather, 5.^* 

"Not only .TfC tl.e best ninlmtls of inca-iircmcni ^ho\vn, and in 5onie instances 
slfustratcd by niennii of woodcuts, but the erroneous sysicins jmrsucil by dishonest 

dealers are fully expo«ol The work niu.st be considered to be a valuable addi- 

Lion to every gardener's library.- Cayden. 

Sttperficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMKNT. Tables dkilculatcd from 1 to 200 inches in lengtli, 
by 1 to 108 inches in breadth. Fortheiwcof Architects, Surveyors, 
Engineers, Timber Merchants, Builders, See, By James Haw- 
kings. Fcp. 3J. 6</. cloth. 

Practical Timber Alerchant. 

THE PRACTICAL TIMBER MERCHANT, being si GiiMc 
for the \i>e of Building Contract or .Surveyors, Binlders, Ac., 
compri.-^ing useful lables for all purpose-s coimcctcf! with the 
Timber Trade, Marks of Wood, Ksj>ay on the Strength of Timljcr, 
Remarks on the Growth of Timber, &c. By W. KlctJARnsoN. 
Fcap. 8vo, 3^. 6r/., chuh. ’ fub! is fud. 
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Tlte Meckanids Workshop Compamon. 

THE OPERATIVE MECHANIC’S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC- 
TICAL ASSISTANT. By William Templeton. Twelfth 
Edition, with Mechanical Tables for Operative Smiths, Millwrights, 
Engineers, &c. ; and an Extensive Table of Powers and Roots, 
&c., Ac. 11 Plates. i 2 ino, Ss, bound, 
a text-book of reference, in which mechanical and commercial demsmds are 
Judicioubly met, Temflrton’s Com pa niom stands \innvsL\]cd,**~^AfrcAaftics'Jlfaptzi‘fif. 

*' Admirably adapted to the wants of a very larjEC class. It has met with great 
succesH in the engineering wurk.sitop, as we can testify; and there arc a great many 
men who, in a great measure, owe their rise in life to this little work .’* — Building Ntwu 

Engineer's Asst slant. 

TlfK ENGINKKR’.S, MIT.TAVRTGUT’.S, and MACHINIST’S 
I’RACTfCAL ASSISTANT ; comprisinji a Collection of U.scful 
Tables, Rules, an<l I )ata. Compiled ami Arranged, with Original 
Matter, by William Templeton. 5th Edition. i8mo, 2 j. 6 d. 
cloth. 

I* So much varied iitforiuiaiou compressed tiUu so small a space, and published at a 
price which places it within the reach of the humblest mechanic, CHiiiiot fail to coiiio 
nund the sale which it deserves. With the utniost confidcucu we coiutnctid this book 
to the attention of our readers. A/ec/tnnics* 

*' A more suitable present to an apiirenttcc to any of the tiieclnnical lradc.s could nut 
possibly be msiiit'-^Buiiding A'rwj. 

Designing, Measuring, and Valuing. 

THE STUDENT’S GUIDE to tlic PRACTICE ot MEA- 
Sy RING, and VALUING ARTIFICERS’ WORKS; containing 
Directions for taking I )imcnHions, Abstracting the same, and bringing 
the Quantities into Hill, with Tables of Constants, and copious 
Memoranda for the Valuation of l.abour and Materials in the re- 
• selective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, rc-written, with Additions on Mensuration and Construc- 
tion, and useful I'ables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. 6c/. cloth. 

'* \y’c have fnlled to discover anything connected with the building trade, from ex* 
cavating foundations to bclMianging, that is not fully treated upon. —> 7*4^ Artiaan, 
** Altogether the Ixiok is one which well fulfils the promise of its title-page, and we 
can thoroughly reconiinciid it to the class fur whose use it has been compile. Mr. 
Tarn's additions and revisittns have much increased the usefulness of the work, and 
have especially augmented its value to students. 

Plumbing. 

PLUMBING ; a text-book to the practice of the art or craft of the 
plumber. Witli supplementary* chapters upon house- drain age, eoi- 
Wdying the latest improvements. By William Paion Bitchan, 
Sanitary Engineer. i2mo. cloth, with about 300 illustrations. 
Price 3T. 6</. Just published. 

There it no other manual in existence of the ohimber's art ; and the volume will 
be welcomed as the work of n practical master of nls trade.*’- Utalih. 

** *l*he chapters on house-drainage may be usefully consulted, not only by plumbers, 

but alM by engineers and all engaged or interested in house-building. 

*' A book containing a large amount of practical information, t>ut together in a very 
iiUclligeiu manner, by one wbo is well (pialifieil for the task.*' — City Press. 
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MATHEMATICS, &c. 

Gregorys Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
foi^the Use of Civil Engineers, Architects, and Surveyors. Part 1 . 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
' copious logarithmic and other Tables. By Olinthus Gregory, 
LL.T)., F.R. A.S. Enlarged by Henry Law, C.E. 4th Edition, 
carefully revised and corrected bv J. R. Young, formerly Profes- 
.sor of Mathematics, Belfast College; Author of “A Course of 
Mathematics,” &c. With 13 Plates. Medium 8vo, 1/. u. cloth. 

As a standard work on mathematics it has not been excelled.'* — Artisutn, 

'* 'Hie cnipneer or architect will here And ready to his hand, rules for solving nearly 
every mathematical difficulty that mav arise in his practice. The rules are in aU cases 
explained by means of examples, in which every step of the process is clearly worked 
out.**— 

'*One of the most serviceable liooks to the practical mechanics of the country. 

In the edition just brought out, the work has again been revised by 

Professor Young. He has inodemised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous t 3 rpographical errors which 
nave escaped the eyes of the former Editor. Hie book is now as complete as it is 
possible to make it. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon thcm.**’^Builtii»g Nru/s. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
Dowling, C. E. Second Edition, revised and enlarged. 8vo, 
lOr. 6d, strongly bound. 

** Mr. Dowling’s Tables, which are well put together, come just in time as a ready 
rcdconer for the conversion of one i^stem into the other.’* — Aikenetum. 

*• 'Their accuracy has been certified by Prof. Airy, Astronomer-Royal.**— 

** Reselution 8.— That advantTge will be derived from the recent publication of 
Metric Tables, by C. H. Dowling, c/ Section Brit. Assoc, t Bath* 

Comprehensive WcigJii Calctilator. 

THE WEIGHT CALCUI,ATOR ; being a Series of Tables 
upon a New and Comprehen.sive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rales, from l Penny to 1 68 Shillings i^er cwt., and con- 
taining 1 86,000 Direct Answers, which with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
l>espatch. By Henry Harhen, Accountant, Sheflield, Author 
of ‘The Discount Guide. * An entirely New Edition, carefully 
revised. Royal 8vo, strongly half*bouncf, 30J. \yu5t Published. 
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Comprehensive Discotmt Guide. 

TPIE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may l^e ascertained the exact profit arising from any mode 
of using Discounts, cither in the Purchase or Sale of Goods, and 
tile method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any reejuired profit after allowing one or more l.)iscounts : t 4 i which 
are added 'I'ables of Profit or Advance from l 4 to 90 per cent.. 
Tables of Discount from 1] to 98*7 per cent., anil Tables of Commis- 
sion, &c., from I to loijcr cent, liy 1 Lknky IIauukn, Accountant, 
Author of The Weight Calculator.’* New Edition, carefully Re- 
vised and ( 'orrected. In a handsome tlemy Svo. volume (544 pp.), 
strongly aiul elegantly half-bound, price ;^l 5^. published. 

Inwood's Tables^ greatly enlarged and improved. 
TAULES FOR THE PURCHA.SING of ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, &c., and for tlie 
Renewing of Lenses held under Catliedral Churches, Colleges, or 
*)tlicr corjKiratc bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
IVcsentations, &•, together with Smart’s Five Tables of Compound 
Interest, and an Extension of the same to I.,owcr and Intermediate 
Rates. By Wili.iam Inwood, Architect. The 20th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more DifTicult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FfsnoR TlioMAN, of the Soci^t^ 
Credit Mobilicr of Paris. l2mo, 8s, cloth. 

“ Hiosc interested m the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in traimctions in annuities, life insurances, &c., will 
fin»l ihr present edition of eminent si'rvice/*— A’/zr/wi'r/V/c’, 

“ ‘ I nwooil’s Tables* still inainisiin a most cm iablc repuialion. '^I'he new issue has been 
enriched by lart;c additivinal roiUtibuiions by^^l. Icdor Tboinan, whose carefully 
ari‘.tn>:ed 'Tables uf Logarithms for the more Diffirult (.'<>mpiitati<ins of the Izitcrc.st of 
Money, l)iscc>iiiit, Annuities, canuot fail to be of the utmost utility. A/// /V^” 
lltif/ruiil. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of ‘‘The Science of Building,” &c. 
With 164 Illustrations. Demy Svo. 12^.6#/. 

** No book with the .vune objects in view haf ^'cr been published in which the 
cleantcAS of the ndes laid down and the ilUi&irative diagrams have been so satis- 
factory. ” — Sctfismitn. 

Compound Interest attd Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purjnwes. With an elaborate Intro- 
duction. By FfcDOR Thoman, of the Societe Cr^t Mobilicr, 
Paris. i2mo, cloth, 5x. 

** a very powerful work, and the Author has a very remarkable command of his 
sutdect,** — Erp/essor A, de Mor^n, 

** We recommend it to the notice of actmiries and acctnmtnnis.**— 
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SCIENCE AND ART. 


The Military Sciences. 

aide-memoire to the MILITARY SCIENCES. Framed 
fiDm Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Ro^al Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols. royal 8vo, extra 
cloth boards, and lettered, price 4/. lOir. 

•'A compendious encyclopaedia of military knowledge.***— Hmew, 

** The most comprehensive work of reference to the military and collateral sciences.** 
'—•yoluuUer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, price I2.r. complete. 

Field Fortification. 

HANDBOOK OF FIELD FORTIFICATION, intende<l for 
the Guidance of Officers preparing for Promotion, and especially 
adapted to the requirements of Beginner?. By Major W. W. 
Knoi.ly.s, 1*',U.G.S., 93rd Sutherland 1 1 ighlander.s, &c. With 
163 \Yoo(lculs. Crown Svo, 3/, 6</. cloth. 

Storms. 

STORMS : their Nature, Classification, and I.aw.s, with the 
Means of Predicting them by their Embodiments, ll»e Cloud.s. 
3?y William Blasius. With Coloured Platen and numerous 
Wood Engravings. Cromi 8vo, 10s, 6//. clotli boards. 

Z, ight-Houses. 

EUROPEAN LIGIIT-HOUSE SY.STEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George II. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. cloth. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 
W. SlATER. Post 8vo, cloth, price 7 j. tid, 

**A complete encyclopaedia of the materia tinciaria. The infonnatioii given 
re^pe^ng eaich article is fuH and precise, and the methods of determining the value 
if articles such as these, so liable to sophistication, are given with rieameaa, and are 
practical as well as valuable.'*— attd Drusgist, 




WORKS IN SCIENCE AND ART, ETC., 


a4 


EUciriciiy, 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism^ Diamagnetism, Electro-Djnmmics, Magno-Electricity, and 
the Electric 'I^l^raph. By Henry M. Noad, PIlD., FaC.S*, 
Lecturer on Chen&t^ at Sta George’s HospitaL Fourth Edition, 
cntirdy rewritten. Illustrated by 500 Woodcuts. 8vo, 1/. 4J. doth. 
The comnifliidatioiM already bestowed in the pages of the Eancfi on thr former 
editions of this woth are more than ever merited by the present The accounts given 
of dectricity and galvanism are not only complete m a scientific sense, but, which is a 
rarer thing, are popular and interesting.**— Zenrr/. 

Text-Book of Electricity. 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., Lecturer on Chemistry at St. George’s 
Hospital. New Edition, revised and enlarged, with additions on 
Telegraphy, by G. E. Pkkkce, Esq. Upwards of 400 Illustrations. 

[/« Preparation, 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Ms^nctical Science, and the purposes 
to whi^ it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, rh.D. With 165 Woodcuts. i2mo, cloth, 4^, 61/. 

** As coiicifte and lucid an exposition of the phenomena of magnetism as we believe 
It Is uowiible to write.**-*- Mechanic, 

** Not only will the scientific .ntudent find this volume an invaluable book of refer- 
ence, but the geiienil render will find in it as much to interest as to inform hU mind, 
lliotiirh a strictly scientific work, its subject is liaiidicd in a simple and readable 
style.'— ///ffx/ra^Af Ktvirw, 

** Inhere is a good index, and this volume of 41a pages may be considered the best 
possible mamial on the subject of magnetisni.*'- -Mechnnicf Magazine, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
I.YSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of Prac- 
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s 
•‘Treatise on Chemical Analysis.” Netv Edition, Enlaiged, ami 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous llliist rat tons. Cr. 8vo, 12s, td, cloth. 

‘*We recommend this liook to the careful perusal of everyone: It may be truly 
affirmed to be of univers:il interest, and we strongly recommend it to our refers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner.’*— 
Medical Times, 

**Wtll be found to be essential to the analysts appointed under the new Act. . . . 
In all cases the most recent results are given, and the work is well edited and care- 
fully written.* 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S. F.G.S. With numer- 
ous Plates and 30Q Woodcuts. Third Edition. Crown 8vo, js, fyf. 
cloth gilt. 
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Clocks^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Bbckstt, Bart. (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of ** Astronomy with- 
out Mathematics,^’ &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale’s Series), 4J. 61/.; cloth boards, 5^. 6c/. 

** As« popular and practical treatise it is unapproached.** — English Mechanic. 

** The best work on the subject probably extant So far as we know it has no com- 
petitor worthy of the name. The treatise on bells is undoubtedly the best in the lan- 
guage. It shows that the author has contributed very much to their modern improve- 
mentf if indeed he has not revived this art, which was decaying here. To call it a 
rudimentary treatise is a misnomer, at least as resists clocks and bells. It is some- 
thine more. It is the most important work of its kind in 'Exif^\!^/*-^Engineering, 
“The onlv modem treatise on clock-niaking.”— Journals 
“We do not know whether to wonder most at the extraordinary cheapness of this 
admirable treatise on clocks, by the most able authority on such a subject, or the 
thorough completeness of his work. 'I'he chapter on bells is sineutar and amusing, and 
will be a real treat even to tne uninitiated general reader. The illustrations, notes, 
and indices, make the work completely perfect of its kind.'*— 

“There is probably no book in the English language on a technical subject so 
e:isy to read, and to read through, as the treatise on clocks, watch^ ancf bells, 
written by the eminent Parliamentary Counsel, Mr. £. B. Denison^noimir Edmund 
Beckett, Bart.** — Archilect. 

Gold and Gold-Working. 

THE PRACTICAL GOLD-WORKER; or, The (Joldsmitli’a 
ami Jeweller’s Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Knamcls, and other useful Rules and Recipes, t\:c. Jly George 
E. Gee. Crown 8vo, cloth, 7/. (ni, [Nino Ready, 

** A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particiil.irs for mixing alloys and enamels, is essentially a book 
for the workshop, and c.xact^y fulfils the purpo.se intended.**— ytmrnal. 

“ The best work yet printed on its .subject for a reasonable price. We have no 
doubt that it will speedily liccoine a .standard book which few will care to be w ith- 
om.**— yc'av/4*^ and MeUih\H>rkcr. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on — f. 
Alleged Discimancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua-— 
Views of Dr. Colenso : The Supcmaturally Impossible ; 6. The 
Age of the Fixed Stars — fheir Distances and Masses. By Profes.sor 
J. R. YotTNG, Author of ** A Coui^c of EJementary Mathematics,” 
&c. Fcap. 8vo, price 5J. cloth lettcrc<l. 

logii 

“ Zf o ono can rise from its perusal without being impressed with 
gular wrmdcnem of mc^m scepticism.'*— MaeaMtne. 

** A'valuable contributioii to controvetstal theological Uterature.**— C/<y Preet, 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M. A., late Fellow of Trin. ColL, Cambridge Second 
E^tion. i8mO| 5^. cloth. 
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DR. LARDNER’S POPULAR WORKS. 

Dr. Lardnef^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius Lardner, DX.L», formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 PIngravings on Wood. In 6 Double Volumes. 
Price £l in a new and elegant cloth binding, or handromely 
bound in half morocco, 31J. 

**The * Mtisetim of Science and Art* is the mo.st valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brenvsier in /Ae North Hriiish Kevinv, 

"Whether wc consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must e3tprcs.s our belief that 
there is hardly to Ins found among the new books, one that would be welcomed by 
people of 80 many ages and classc.s as a valuable present." — Examhter, 

Separate books formed from the abtwe^ suitable for IVorkmctfs 
Libraries^ Science Classes^ 

COMMO^ TlIINtiS EXPLAINED. Containing Air, Plaflh, P'irc, 
Water, 'riiTif, Man, the liyc, I.t)comotion, Colour, Clocks and 
Watches, itc. 233 Illustrations, cloth gilt, 5J. 

Till*'. MICROSCOPE, Containing Optical Images, Magnifying 
Classes, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscoi»e, Microscopic Drawing and Engrav- 
ing, iSce. 147 Illuslrations, cloth gilt, 2.r. 

POPULAR GliOLOOV. Containing Eartlnjuakes and Volcanoes, 
the Crust of the I\arth, etc. 20i Illustrations, cloth gilt, 2.r. 6d, 
POPULAR PHYSICS. Contiiining Magnitude and Minuteness, the 
Alinosplicrc, Meteoric Stonc.s, i*opu1ar P'allacies, Weather Prog- 
iio.stics, the Thermoiueter, the Barometer, Sounds &c. 85 Illus- 

trations, cloth gilt, 2s, (hi. 

ST1*)AM ANT) ITS USES. Including the Steam Pmginc, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2J. 
POPULAR ASTRONOMY. Containing How to Observe .the 
Heavens* The Earth, Sun, Moon, ITanets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s, 6d, 

THE BEE AND WITITP: ANTS; Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrcsiHJctive of any previous Scicn- 
tflic Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, u. 6./. 

Scientific Class-Books, Dr. Lardncr. 

NATURAL nilLOSOPHY FOR SCHOOLS. By Dr. Larb^er. 
328 Illustrations. Fifth Edition, i vol. 3J. td. cloth. 

'* Convey!*, in clear and precise terms, general notions of all the principal divisions 
of Physical Science .**— Quarterly Rtvirso, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lajrdner. 
With 1^ Illustrations. Second Edition, f vol. 3^. 6c/. cloth. 

‘'Clearly written, well arrangetl, and excellently illustrated. 
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' ~ DR. LARDNER’S SCIENTIFIC WORKST 

Astronomy. 

THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited 
by Edwin Dunkin, F.R.S., R 1 . Observatory, Greenwich. With 
38 plates and upwards of loo Woodcuts. Cr. 8vo, gs, 6c/, cloth. 
Probably no other oook conuins the same amount of information in so com- 
pendious and well-arranged a {orm.**‘-^At/u'?ie/>rcM. 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, 7.f. 6d, 732 pa^es. 

** We have no hesitation in cordially recommending it ." — /'hittcational Tiim's, 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. ByE. B. 
Bright, F.R.A.S. 140 Illustrations. Small Svo, 2x. 6d, cloth. 

** One of the most readable books extant on the Electric Telegraph.*'*—./?//^. Mechaptic, 

LARDNER'S COURSE OF NATURAL PHILOSOPHY. 
Mechanics. 

THE HANDBOOK OF MECHANICS, KnUrged and almost 
rewritten by Brnjamin Lokwy, F.R.A.S. With 378 Illustra- 
tions. Post Svo, 6s, cloth. 

'* The pcrsnlcuity of the original ha< been retained, ^ and chapters which had 
liccome obsolete, have been replaced by others of more modern character. The 
vvplafiation.s tliroiighout .nre stiidioii.sly popular, and care ha.s been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life.*' — Minini* Jouriutl, 

Heat. 

THE HANDBOOK OF IIE.AT. E.Iited .iiul almost entirely 
Re-written by Benjami.v Loewv, F.R.A.S. etc. 117 Illu.stra- 
tions. Post 8 VO, 6s, cloth. puhlishcii, 

“ The style is alw.ays clv.Tr and precise, and convcy.s instruction without leaving 
any clundiness nr lurking doubts behind.*' — 

Hydrostatics and Pncninaiics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Po-st Svo, 5/. cl. \^ust puldishi’d, 

** For those * who desire to atUiin an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation/ this work Ls not merely in- 
tended, but well adapted." -Chesnical 

Electricity ^ Magnetism, and Acoustics. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Gko, Carky Foster, 
B. A.» F.C.S. W'ith 400 Illustrations. Post Svo, 5s. cloth. 

The book could not have been entrusted to any one better calculated to preserve 
the ter.se and lucid style of Lardner, while correcting hi.s errors and bringing up his 
work to the present state of scientific knowledge. Sci^ttc^ Review, 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post Svo, Jx. cloth. 
** Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated. tie's MngnztPie. 

TTtea/weS I Wj. /&/*/// A Compt^ete Course or Natural 
Philosopiiv. 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or. Geology and 
GenesiSp their Perfect Harmony and Wonderful Concora. By 
George W. Victor Ls Vaox. With numerous Illustrations, 
Fcap. 8vOp price Cr. cloth. 

** We can recommend ^fr. Le Vaux m an able and interesting guide to a popular 
appreciation of geological science.** — S/ectalor, 

“The author coinbines an iinliounded admiration of science with an leibounded 
admiration of the Written Record/ Rovitw. 

Geology ^ Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock’s Rudiments of Geolo|;y.) By Ralpu Tate, A.L.S.p 
F.G.S. Numerous Woodcuts. i 2 mop 2 /. 

Geology t Historical. 

HISTORICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rudiments of Geology.) By Rai.ph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2x. 6f/. 

Or Physical am/ H istorical Geology, in One 

Volume^ J^nee 5r. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A 1..ADY. In emblematic wrapper, hand* 
somcly printed, with Ten large Plates, price 2 jr. bd, 

“ The handicraft of the wood-carver, «o well as a can impart it, may be learnt 
from ‘A Ijidy's* publication.**— 

“ A real practical guide. It is very complete.**— /riVrnirjf Churchman, 

** l*he directions given are plain and easily underKtood, and it forms a very good 
Introduction to the practical part of the carver’s art.*’— Mechanic. 

Popular Worh on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Tim os, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6r. cloth. 

This Work has bceti adopted as a Prize-book in the Schools of 
Art at South Kensington. 

** A work that may l>e advantageously consulted. Much may be learned, even by 
those who fancy they do not require to be taught, from the c.'ireful perusal of this 
unpretending btit comprehensive ireotise.**— yf r/ youmal. 

“ A valuable book, which supplie.s a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of value, as well by the young artist 
seekhtg infonaation as by the general reader. ,We give a cordial wmcome to the book, 
and augur for it an increa-^iig reputaiion.**— 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By Gkorgk Field. New edition, en- 
larged and adapted to the use of the Ornamental Painter and 
Designer, by F.llis A. Davidson. With new Coloured Diagrams 
and numerous Engravings on Wood. lamo, Jx. cloth boards. 

“One of the most useful of student’s books, and probably the best kiioun of the 
few we have on the subject,*’— ylrrAiVePf. 

*' The book is a most useful ritumf of the properties of pigments,**— JS«r/A/rr. 

“ *rhM treatise forms a most valuable vode mecum for the ornamental painirr and 
designer. dTrefawoi*. 



PUBUSMED BY CROSBY LOCKWOOD & CO.. 99 

Delamott^s Works on Illumination & A Ifihabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : 'with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MO'i'TE. Small 4to, price gs . Elegantly bound, cloth antique. 

A lueidy book, beautifully illustrated : the text of which is well written, and cal- 
culated to be useful. . . . llie examples of ancient MSS. recommended to the student 
which, with much good sense, the author choo.ses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste.** — Alhemrum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Aral^esque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Fiiginccring Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. See , Sec . Collected and engraved by F. Deiamoti'K, and 
printed in Colours. Royal 8vo, oblong, price 4.f. cloth. 

well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. Ker those who insert enamelled sentences 
round gilded chalice.s, who blazon sliop legends over shop-doors, who letter church 
walls with pithy sentences from tlie Becaloguc, this book will be usefuL**-^>l/^»^Mm. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; W'ith several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. Collected and engraved by b. Delamotte, and 
printed in Colours. Royal Svo, oblong, price 4^. cloth. 

** To artists of all cla.sses, but more especially to architect and engravers, this very 
handsome book will be invaluable. 'J'hcre Is comprised in it every p<jii.sible shape into 
which the letters of the alphaliet and numemk. can be formed, and the talent which 
has been expended la the conception of the various plain and ornamental letters is 
wonderful.**— 

MEDIEVAL ALPHABET.S AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamchte, Illuniinator, Designer, and 
Engraver on Wood. Containing 2i Plates, and Illuminated Title, 

S rinted in Gold and Coloursi With an Introduction by J. WiLLls 
(ROOKS. Small 410, 6 s . cloth gilt. 

** A volume in which the letters of the alphabet come forth glorihed in gilding and 
all the colours of the prism inteni*oven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Suu. 

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong ro^ Svo, 21. 6 ^. in ornamental boards. 
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AGRICULTURE, &c, ~ 

♦ 

Youatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER’S and CATTLE- 
BREEDER’S ASSISTANT, A Compendium of Husbandry. 
By William VoiJAT'f, Esq., V.S. nth Edition, enlarged by 
Robert Sc^ttr Burn, Author of ^‘The Lessons of My Faim,’* &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, 1/. is, half-bd. 

•• Hie Htandarrl anil text-book, with the farmer and urarier.*' — Magazine 
A treatine whicli will remain a Rtaiidard work on the subject as long as' British 
agriculture eiidur***.. ” — Mark Lane Express. 

Spooner on Sheep. 

SHEEP; THE HISTORY. STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R,V,C„ &c. 
Third Edition, considerably enlarged ; with numerous fine engra> 
vings, including some specimens of New and Improved Breeds, 
Ecu. 8vo, 366 )>p., jlricc 6j. cloth. 

"The liook ia decidedly tlie bcKt of the kind in our language.”— 

**iMr. Spooner has conferred upon the agrictiUiiral class a lasting benefit by em- 
bodying ill this work the iniproveinentii made in she^ stock by such men as 
Ifumphreyft, Kawlencc, Howard, and oUiers.”— /Arw/fA/>v AtivertUer, 

” 'I‘he work should be in possession of every flock-master ." — Hanbnty Guardian, 

Scott Bunts System of Modem Farmhig. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy, 
Historical and Practical — Cattle, Sheep, and Horse.s — Management 
of the Dairy, Pigs, and Poultry, with Notes on the Diseases of 
Stock — Utili.sation of Town-Sewage, Irrigation, and Reclamation 
of Waste I^and. New Edition. In 1 vol. 1250 pp., half-bound, 
uvofusely illusl rated, price I2.r, 

**Tnaro U sufUneiit stated witliin the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations." — Obset^'er, 

Ilortovts Underwood and Woodland Tables. 

tables for PLANTING AND VAI.UING UNDER- 
WOOL) AND WOODLAND ; also Lineal, Superficial, Cubical, 
Wages, Marketing, and Decimal Tables, Together with Table.s 
for Converting l.,and-mcasure from one denomination to another, 
and instructions for Measuring Round Timber, By Richard 
Horton, I2ni0. ar. strongly bound in leather. 

Good Gardening , 

A PLAIN Gl’IDE TO GOOD GARDENING; or. How to 
< I row Vegetables, Fruits, and Flowers, With Practical Notes 011 
Soils Manures, Seeds, Planting, I„aying-out of Gardens and 
Grounds, and on the various kinds of CLanlen Stnictures. By 
Samuel Wotn> (late gardener to Sir B, P. Wrey, Bart.), Author 
of ‘Gardening for the ColtJige.* Second Edition, with very con- 
siderable Additions, &c., and numerous Illustrations. Crown 8vo, 
pp. 416, cloth elegant, price 5^. 

** A very good book, and one to be highly recommended as a practical guide. 
The umctical directions arc eitccllent.” — Aikeeurnrn. 

** A thoroughly useful guidebook for the amateur gardener who may want to make 
his plot of land not merely pretty, but uscful.and profit:ible.”->il>f?f6^ Telegraph. 
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Ewarts Land Improvet^s Pocket-Book. 

THE LAND IMPROVER’S POCKET-BOOK OF FOR- 
MU Li®, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perly. By JoiiaX Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with clastic band, 4r. 

** Adninbly calculated to serve its purpose.**— 

** A compendious and handy little Spectator, 

Htidsofis Tables for Land Valuers. 

THE LAND VALUER’S BEST ASSISTANT: beine Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure ; also, Tables of Square Mea- 
sure, and of the Dimensions of an Acre by which the Contents 
of any Plot of Ground may be ascertained without the expense of 
a regular Survey; &c. By R. Hudson, C.E. New Edition, 
royal 32mo, oblong, leather, gilt etlgcs with clastic band, 41. 

Of inftilculable value tu tlic country gciitlciiiati and professional iti^vi.'*^EarmeVs 
ycumaL 

Complete A (^riculhtral Surveyor's Pocket-Book. 

THE LAND VAI-UKR’S AND I.AND IMPROVER’S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
liound together, leather, gilt cdge.s, with strap, 6#/. 

7 ne abai'e fontts an unetjualUd and most compendious Pocket 
Vade-mecum for the Land Ap^*nt and Agricultural Engineer, 

** We consider Hudson's book to be the best ready-reeboner on matters relatiiif; to 
the valuation of Land and crops we h.Tve ever seen, and its combination with Mr. 
Kwart's work greatly enhances the value and usefulness of the latter-mentioncd . . 
It is most useful as a manual for reference to those for whom it is iiiteudod."— • 
North of Ettglatui Fartner, 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Ti eating of the 
Varieties of Lands, Peculiarities of its Karins, Mcthod.s of Farming, 
the Selting-oul of Farms and tJieir Fields, Construction of Roads, 
Fences, Gatc.s, and Farm Building'?, of Waste cir Unproductive 
J.ands, Irrigation, Drainage, Plantation, &c. By R. Scorr Bi;kN, 
Fcp. 8vo. numerous Illustrations, ys. bd, yPLtnu Ready, 

Scott BurtCs Introdtution to Farming. 

THE LESSONS of M^ FARM : a Book for Amateur Agricul- 
lurists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm-work Records. By Robert 
Scott Burn. With numerous Illustrations. Fcp. 6 s, cloth. 

** A most complete introduction to the whole round of farming practice ." — yvhm 
BuiL 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on th« LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Akun- 
PELL, Attomey-at*Law. Crown 8vo, 4/. clothe 
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** A Complete Epitome of the Laws of this 
Country.** 

EVERY MAN’S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. A Barrister. 14th Edition, 
Revised to the end of last Session. Including a Summaiy of the 
Judicature Acts, and the principal Acts of the past Session, viz. 
— The Act for Amending the Law Relating to Crosscjcl Cheques, 
'rhe Merchant Shipping Act, The Vivisection or Cm Ay to 
Animals Amendment Act, The Rivers’ Pollution Prevention Act. 
The Wihl-Fowl Preservation Act, &c., &c. With Notes and 
References to the Authorities. Crown Svo, price 6s» (saved at 
every consultation), strongly bound. 

COMPRISING THE LAWS OK 

Bankruptcy— Bills op Exc hangs— Contracts and Agrrbmbnts— Copyright 
— O owsR and Divorce— Elkctions and Registration — Insuranck — Libel 
AND Slander— Mortgages -Settlements ~ Stock Exchange Practice — 
Trade Marks and Patents — Trespass, Nuisances, etc. — ^Transfer of 
Land, etc.— Warranty — Wills and Agreements, etc. Also Law for 
Lnndlord and Tenant— Master and Servant— Workmen and ^prentices — Heirs, 
Devisees, and Legatees — Husband and Wife— Executors and TrusteeS'-yDuardian 
and Ward— Married Women and Infants — Partners and Agents — Lender and 
Borrower — T>ebtor and Creditor — Purchaser and Vendor — Companies and Asso- 
ciations— Friendly Societies ' Clergymen, Churchwardens— Medical Practitioners, 
&c.-" Bankers — Farmers — Contractors — Stock and Slmre Brokers — Sportfuneti 
and Gamekeepers Farriers and Horse-Dealers — Auctioneers, House-Agents— 
Innkceiters, &c.-‘T*awiihrokcrs— Survejrors — Railways and Carriers, &c. &c. 

** No Englishman ought to he without this htK>k/* — Kujgineer, 

What it professes to be— a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers.*'— Li/f, 

Auctioneer's Assistant. 

THE APPRATSER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER’S POCKET AS* 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &Cm By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C. Norris. Royal 32mo, cloth, 

** A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of funilture, &c."— 

Pawnbroker s Lc^al Guide. 

THE PAWNBROKER’S, FACTOR’S, and MICRCHANT’S 
tJUIDE to the l,A\y of LOANS and PLEDGES. By H. C. 
Folkarh, Esq., llarristcr-at^l^aw, Author of the **Lawof Slander 
and Libel,” With Additions and Corrections to 1876. lamo, 
cloth boards, ptuce 3^. 6«4 * 

House Property. 

HANDBOOK OK HOUSE PROPERTY : a Popular and Prac* 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the I .aw of Dilapidations and 
Fixtures; with ICxplnnations and ICxampies of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, xirchitect and Surveyor, lamo, 5x. cloth boards. 

** We arc glad lo be able to recommend it.** — Bniidir, 
llie adrice Is thoroughly practical.**— yiPuruai. 


Praclbury, .Vjmew A CX>., PHntvr*. Whltrfriar^, 1.ondon.' 



PHILADELPHIA, 1876. 

THE PRIZE MEDAL 

Was awarded Co ihe Publishers for 

B«oki : Bvdinntuy Bri t a t i l to, 

“WE M£*8 SERIES/ CTS. 

^ A NEW LIST OF 

WE ALE’S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

LONDON, 1862. 

THE PRIZE MEDAL 

Was awarded to the Publishen of 

“WEAU’S SERIES. ” 

These popular and cheap Series of Books^ now comprising _ 
disiinci worhs in alfuosi every deparimeni of Science^ Art, and sJS!aT!Sn^7!!TT^ 
commended to ihe notice 
generally, as Toell as to 






N.B* — In ordering from this List it is recommended, as a means of facilitating 
business and obviating error, to quote the numbers qfixcd to the volumes, as well as 
the titles and prices, ■ . 

%* The books are bound in limp cloth, unless otherwise stated. 


BUDIMENTABY SCIEN TIFIC SEBIES. 

ARCHITECTURE, BUILDING, ETC. 

No. 

16. ARCHITECTURE— ORDERS— rioi Oidm and ihdr iSctlwtle 

Principles. By W. H. Lerds. Illustrated, rs. dd. 

17. ARCH 1 TECTURB^STYLES---T\gt History and Description of 

the Styles of Architecture of Various Countrieik from the Burliest' to tho 
Present Period. By T. Talbot Buky, F.R.I3.Aj. Sic. Illustrated* as. . 
%* Orosus and Stylus or AtkeutneruHE, in One Yol^ js. 6if. 

18. ARCHITECTURE^DESJGN-^ThoYnnxA^th of Xjeeign ip 

Architecture, as dedncible Irom Nature and ezemplified ia Che Weeks of the 
Greek and Gothic Architeerts. By B. L. GarBut^ Architect. Illusiiated. ss. 
The three preceding Works, in One handsome Vol,, hiUf hound, .entitled 
** Moobrm ARCHiTmcTURRi** Price tie* 

22. THE ART OFBUILDJND, Rudiments of. GenenJ Pnnciples 

of Coastruction, Materials used in BuUdinjr, Strength and Use of Mateoab* 
WockiM Drawmin. Specifications, aad Bmmates. ByBuWAao 
hf.Ral.B.A., Be. xllustrated. ss. 

23. BRICKS AND TILES, Rudimentaiy Treatise on the liCanufae* 

Cure of; containing an Outline of the Principles of Brickmaking:. By Bow. 
Dohson, M.R.I.B.A. With Additions by C. ToMLDfso.N, F.K..S. Illnstrated, .is* 

CROSBY LOCKWOOD AND C0»| 7i STATIONERS* HALL COURT, E.C. 




WgAL]B-S HUPflCEIfTAItT SERIES, 


Architecture, BuihUug, eoHUnuid. ^ 

45. MASONRY AND STONBCUTTING, Rndimei^ Tkeaiaie 

‘ on ; in whMi 'die PHneiplei of Mnioiiie Projection and their anplleatlon |o 
‘the Cone^mction of Curved WiniT-Wnns* l>omes, Oblione jfitdfM 
. Homan OM Gothic Vaulting are cimcisely exj^ained. By E&WAU>I>QSion> 
V'BXBJUf 9tQ» llluetnitca with Ptetee and Diaffami« ae, 6d« 

44. ROOND 4 T/ONSAND CONCRBTR WORKS, 

V ThtililO on ; confatninfl^ a Synoptit of the principal cases of Foundation 
Wonie; with the usual Modes of Treatment^ and Practical JEUimarlu on 
Footings, Plankinn, Sand, Concrete, Bdton, Pile-drivina, Caissons, and 
CoUferaams. By K. Dobson, M.R.I.B.A., he. Fourth £ditioB,4|fevisM by 
On oBoa Dodo, C.£, Illustrated, xs. 6d« 

49 . COTTAGB BO/tDING. 3 By C. Bruce Allek, Architect 

Eleventh Edition, revised and enlarged. Numerous Illustrations, xs. 6d. 

, 45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,. 

PLASTERING, fcc. By G. R. Buhnill, C.E. Ninth Edition, xs. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
ont being a concise KMOsition of the General Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Ligfathonses, 
Ships, he. By Ciiarlbs Tomlinson, F.B.S., Ac. Illustrated. 31. 

93 ^^ CONSTRUCTION OF DOOR LOCKS. CompUed from the 
Papers of A. C. Hobbs, Ksq., of New York, and Edited by Crarlis Tom- 
UNSON. F.R.S. To which is added, a Description of Fenl^*s Patent Locks* 
and a Note upon Iron Safrs by Robrrt Mallrt, M.I.C.B. *Illttt. as. 6d. 
Ill* ARCHES, PIERS,' BUTTRESSES, ^c.: Eaperimexital Hasaya 
on the Principles of Construction in ; made with a view to their being nsenil 
to the Practical Builder. By William Bland. Illustrated, xa. dd. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; at. The 

Principles of the Science of Sound applied to the purposot of thelArchitect and 
Builder. By T. Rookr Smith, M.K.I.B.A., Architect. Illnstrated. js. 6d. 

194. CONSTRUCTION OF ROOFS, Treatise on Uie, as regards 
Carpentry and Joinery. Deduced from the Works of KotiisoN, Prxcr, and 
Trbdoolo. Illustrated, is. 6d. 

197. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect, Illustrated, is. 6d. 

198 . VITRUVIUS --- 7 HE ARCHITECTURE OF MARCUS 

V/TJRUyiUS POI.LO. In Ten Books. Translated from the Latin by 
JosKPH Gwilt, F. 8.A., F.R.A.S. With sj Plates. 55. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
, of Beauty tn ; with a Historical View’ ^ the Rise and P rogre ss of the Art in 
Greece. By the Earl op Abbrdbbn. xs. 

7*Jk# twoJPneMiMg W^rk* in Ome VoL, ka^homml, tMiiiied **Ancibnt 

Architscturk.’* Price 6x. 


139* DWELLING-HOUSES, a Rudimentary Treatise on the Erection 

of. By S. H. Brooks, Architect. New Edition, with Plates, as. 6d. 

156* QUANTITIES AND MEASUREMENTS, How to Calculateand 
Take them in Bricklayers*, Masons*, Plasterers*, Plumbers’. Painters', Paper- 
hangers*, Gilders*, Smiths*, Carpenters*, and Joiners* Work. By A. C. 
Beaton, Architect and Survesror. b9sw and Enlarged Edition. Ulus. is. 6d. 

175* LOCKWOOD ^ CO.^S BUILDER'S AND CONTRACTOKS 
PRICE BOOIL for 1877, containing the latest Prices of all kinds of Builders' 
Materials and LAbour. and of all Trades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of District^ District 
Officers, and Dtstrict Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Millbr, Architect and Surveyor. 3s. 6d. 


189. CARPENTRY AND yOINERY^^m EusMSMTAitY Prik- 
aPLES OF CARFlNTftT. Chicfiy composed from the Standard Work of 
Thomas Tredoold, C.E. With Additions from the Works of the most 
Recent Authorities, end a TREATISE ON JOINERY by B. WTNmuua 
Tarn, M.A. Numerous Illnstxatiotis. 3s. 6d. 


LONDON : CROSBY LOCKWOOD AND C0,| 





WKAUl’S RCDIUENTARY SERIES: 


Arc^tecture, BuilcUng, etc,« ttmtimui. 

CARPENTRY AND JOINERY. ATLAS of 35 HatM to 
aocomiKuiy the foregoing book. With Descriptive Letterpress. 4to. '6s« 
(87. HINTS TO YOUNG ARCHITECTS. Bv Gboeob Wiort- 

, WICK. New« Revised, and enlarged Edition. By G. Huskisson Guillaums, 
Architect. With numerous Woodcuts. 3s. 6d. 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Practical Manual of. With 9 Coloured Plates of Woods 
and Marbles, and nearly 150 Wood Engravings. By Klus A. Davioson. 
Second Edition, carefully revised, 5s. [y$isl published* 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Sin Sections: General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastenng; Practical 
Gcomeriy, Mensuration, £c. By Adam Hammond. Dlustrated* ss. 6d. 

191. PLUMBING^ A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Containing about 300 Illustrations. By W. P. Buchan, 
Sanitary Engineer. 33. \^uzi ^kiished* 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER’S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Gramdy • 
Second Edition, Revised. 3s. 

* CIVIL ENGINEERING, ETC. 

13. CIVIL ENGINEERING, the Rudiments of; for the Use of 
j Beginners, for Practical Engineers, and for the Army and Navy. By Henry 
Law, C.K. Including a Section on l^draulic Engineering:, by Gboror R. 
Burnell, C.E. sth Edition, with Notes and Illustrations by Rorrrt 
Mallet, A.M., F.K.S. Illustrated with Plates and Diagrams. 51. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdale Dempsey, C.E. New Edition, enlarged. Illustrated, is. Od. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drvsdalk Dempsey. C.E. New Edition. Illustrated, ss. 6d. 

With “ Dfninag^ 0/ Districts and Lands,** in One Vo/,, js, 6 d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By 

John George Swindell, Assoc. R.I.B.A. New Edition, revised by G. R. 
Burnell, C.E. Illustrated. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen, Sir John Burgoynr, Bart., K.C.B. Illustrated, is. 6d. 

43, TUBULAR AND OTHER IRON GIRDER BRIDGES. 

Particularly describing the Britannia and Conway Tubular Bridges. 
With a Sketch of Iron Bridges, and Illustrations of the Applicatiem of 
Malleable Iron to the Art of Bridge Building. By G. D. Dbmpbby, C.E. 
New Edition, with Illustrations, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and PracUcal Jn- 
stniction on. By Sir Macdonald Stephenson, C.E. New Edition, enlarged 
: by Edward Nugent, C.£. Plates and numerous Woodcuts. 3s. 

8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a Means of Profitable Emplojrmcnt for Capital. With Eaamples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John W^ins, F.G.S. New Edition, wiOi 
Notes by Robert Mallst, F.R.S. ts. 

81. WATER WORKS, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Formations of England as In- 
! SacBcittg Supplies of Water ; and Details of Ei^nes and Pumping Machinery 
for ral^g Water. By Samuel Hughes, F.G.S., C.B. Mm Edition, 
revised and enlarged, with nmnerons Illnstrattons. 41. . . 

t2«»« OAS WORKS, and the Practice of Manufactaringand l^tribathig 
Coal Gas. _By ^mubl Hughes,, C.E. Mew Bditmi^ revised by W 


7» stahonbrs* hau« court, ludgatb hill, £.C. 


WBALX’S RUDIMENTARY SERIES. 


Civil Engineering, etCi, 

117. SVBT^RRANBOUS SURVEYING; an Elementaiy and 

tical Treatise oti. By Thomas Fenwick. Also the Method of Condactias 
Subterraaeous Sanwys without the Use of the Magnetic Needle, and .other 
nodecD laprotements. By Thomas Baker, C.£. Illustrated* ss. 6d. 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

olt By BUatid Stevenson, F.R.S.E., ftc. Flates and Diagrams* 

I 3 f . RIVERS AND TORRENTS. With the Method of Regulating 

^elr Courses and Channels. By Professor Paul Fkisi, F.R.S.t of Milan. 
To which ii added, AN ESSAY ON NAVIGABLE cXilALS. Jl'iao*Iated 
by MajoroGencral John Garstin, of the Bengal Engineers. Places, as. 6d. 

197. ROADS AND STREETS (THE CONSTRUCTION OF), 

la two Parts: I. Thr Art or Constructing Common KoAus.by Henry 
laAW, C.K., revised and condensed 1 ^ D. Kinnbar Clark, C.E. ; II. Recent 
Practice in the Construction opKoad-s and Streets, including pavements 
of Stone, Wood, and AsphaltCy by D. K* Clark, M.I.C.E., with numerous 
llltistratioas. 4s. 6d* [yusi puMisAeJ, 

MECHANICAL ENGINEERING, ETC. 

33, CRANES, the Construction of, and other hlachinery for Raising 
Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.K.S., Scc. Illustrated, zs. 6d. 

34* 7 HE STEAM ENGINE, a Rudimcntaiy Treatise eon* By Dr. 

Lardnbr. Illustrated* is. 6d. 

59* STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, zs. 6d. 

63. AGRICULTURAL ENGINEERING: Farm Buildinra, Motive 
Power, Field Machines, Machinery, and Implements. By G. Sf. Andrews, 
C.E. Illustrated, ts. 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund JlKCKETr (late Edmund Beckett Denison, LL.D., Q.C*)* 
A new, Revised, and considerably Enlarged Edition (the bth), with very 
numerous Illustrations. 4s. Sd. published. 

77*, THE ECONOMY OF FUEL, particularly with Reference to 
Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers. 
By T. Symbs Phidkaux. zs. 6d. 

8ii. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.K.S., Sec. New Edition, Illustrated, as. 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker, C.E, With Remarks on Tools and Machinenr, by 
J. Nasmyth, C.E. Plates, as.hd. 

114, MACHINER Y, Elementary Principles of, in its Construction and 
Working. Illustrated by numerous Examples of Modern Machinery for 
different Branches of Manufacture. By C. D. A»bl, C.E. zs. 6d. 

le. ATLAS OF PLATES. Illustrating the above Treatise. By 

C. D. Aril, C.E. «. 6 d, 

laS. THE COMBUSTION OF COAL AND THE PREVENTION 
OP SMOKE* Chemically and Practically Considored. With an Appondbr. 
By C. WVE Wiluams, A.l.C.E. Plates. 3s. 

139* THR STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baker, C.£. Illustrated, is. 6d. 

16a. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Mnkin|L Moulding, Tuminp. FiKna, Burnishing. 
Bronsing. be. With copmus Receipts, numerous TaSlet, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated* ss. 6d. 
i84« MODERN WORKSHOP PRACTICE, as applied to Marine, 

lAud, and l#ocomotivo Engines, Floating Docks, Dredging Machines. 
Bridges, Cranes, Sbip-buildtng, Stc*, Ac* By J. G. Winton. Illustrated. 3s. 
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WEAL£*S RUDIMENTARY SERIES. 


Mechanical engineering, ^Xj^^eonUnued. 

IRON AND'HEAT^ exhibiting the Principles conceraed in the 
Conttnictum of Iron Beams* Pillan. and Bridge Girders, and rita Action cd 
j Heat in the Smelting Furnace. By J. Akmour, C.E. as. tid. 

iS6; POWER IN MOTION: Horse-Pewer, Motion, Tootbed^Whed 
Gearing, Long and Short Driving Bands, Angnlar Forces. By Jamss 
ARM oea, C.B. With 73 Diagrams, as. 6 d. 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 
Og BRIDGES, GIRDERS. ROOFS, AND OTHER WORKS# By 
Francis Campim. C.£. Second Edition, revised and correeteA Numecons 
Woodcuts, as. od. 

1 71. THE WORKMANS MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich. Third Edition. IflusCcated 
with 7 Plates and nearly 350 Woemeuts. 3s. 6d. 

190. STEAM AND T^ STEAM ENGINE, Stationaiy and 

Poirtable. Being an extension of Mr* John Sewell's ** Treatise on Steam.*’ 
By D. l^iNNRAR Clark, M.I.C.E., Author of ** Railway Machinery/* gcc., 
Ac. With numerous illustrations. 3#. 6d. 


SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, BTC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or, an Bxposi* 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for tne Use of Beginners. By 
Tames Pbakb, School of Naval Architecture, H.M. Dockyard, Porismonth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Eementary 

and Practical Principles of the Construction of. By Hakon A. SoifiiRR- 
FBLDT, Surveyor of the Royal Norwegian Navy. With an Appendix, ss. 
53^». AN A TLAS OF ENGRA VINGS to Dlustrate the above. Twelve 
laige folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 


Great Britain and Ireland. By Robbrt Kipping, N.A. Fowteirat^ lotion. 
Illustrated, as. 

54*. IRON SHIP^BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
' suiting Engineer and Naval Architect. 5th Edition, with Additions, 41. 

4**. AN ATLAS OF FORTY PLATES to Dlustrate the above. 

Fifth Edition. Including the latest Examples, such as HAI. Steam Frigates 
** Warrior,’* ** Hercules/’ ** Bellerophon ; ” H.M. Tfo<w Ship ’’Seiapis,” 
Iron Floating Dock, Ac., Ac. 4^, boards. 38s. 

55. THE SAILOR^S SEA BOOK: a Rudimenta^ Treatise on 

Navigation. I. How to Keep the Log and Work it oK IL On Findlim the 
Latitnde and Longitude. By Jambs Grbshwooix BA^ of 1 mm ColMgs^ 
Cambridge. To iriiick are added. Directions Isr Great Circle Sailing ; an 
Essay on the Law of Storms rm Variable Winds ; and Explanatiops of 
Terms used In Ship-bnllding; Ninth Edition, with severe) Eagmvfnga and 
Coloared Illnstrations of the Flags of Maritime Nations, as. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remariu on the Screw and Prapalllng' Power, 
as used in the Royal and Merchant Navy. By RonxaT HimnAV, CJE., 
Ettglnear-Sarveyor te the Board of Trade. Witii a Gloasaryof ly htical 
XerauL and tiieir Eguivalcnts in French, Gennao, and Spanidi. Fifth j 


is 
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WMAXJ^S RXIDIlfENTARY SERIES. 

^ 

Shipbuilding, Navigation, etc., continued, 

»3jMt.>TSS FORMS OF SHIPS AND FOATS: Hints, E]q>«mieiit. 

»Uy l>eriTed| • on some of the Priaciploo regolatini^ Sbip-bvildiajr. By W. 
Buwnsk Sbiin S^tioBf revised, with numeeotts Illustrations and Models, r s. 6d. 

^./NAVIGATION AND NAUTICAL ASTRONOMY^ \skThimy 

and Practieo. With Attempts to facilitate the Finding of the Time and the 
Xonjritnde at Sea. By J. R. Youko, formerly Professor of Mathematics in 
B^fist College. Illustrated, as. 6d. 

sod^a TABLBS intended to facilitate the Operations of Navintion and 
Mautical Astronomy, as an Accompaniment to the above Book. By J. K. 
Young, is. 6 d. 

f06. SNIPS* ANCNORSf a Treatise on. By Geo&gb Cotsbxl, 

N.A. Illustrated, is. 6^ 


149. SAILS AND SAIL^MARING, an Elementary Treatise on. 

IVS*!. 4i1«m e\f 17.Sr#»rf .%f #1.* S>i!1a AlSO, WoightS 

Vessels, Sic., ftc. 
, r KimNQ, NJV., 

. Sailmaker, Quayside, Newcastle. Illustrated, as. 6d. 


155. TNR ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Enginbbr. Revised hj 
F. M'CARTuy, late of the Ordnance Survey Office, Southampton. 35. 


PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1 . CHEMISTRY, for fhe XTte of Beginners. By Professor George 
Fowrbs, F.R.S. ‘With aa Appendix, on the Application at CliemUtip to 
Agriculture, is. 

a. NATURAL PHILOSOPHY, Introduction to the Study of; for 
the Use of Beginners, By C. Tomunson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 

4* MINERALOGY, Rudiments of; a concise View of the Properties , 

of Minerals. By A, Ramsay, Jun. Woodcuts and Steel Plates. 3s. 

6« MECHANICS, Rudimentary Treatise on; being a concise Ex* 
position of the General Principles of Mechanical Science, and their Applica- 
tions. By CKAXurn Tomlinson, Lecturer on Natural Science in Xing's 
College School, London. Illustrated, is. 6d. 

7 , ELECTRICITY^; showing the General Principles of Electrical 

Solencc, and the purposes to which it has been applied. By Sir W. Snow 
Karris, F.R..S., me . With conuderabto Additions by R. Sabin b, C.E., 
F.S*A. Woodcuts. IS. dd. 

GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
jSditloa, revised, with considerable Additions, hj Robbrt Sabinb, C.E., 
FBJk. Womlcuts. ss. 

8« MAGNETISM; being a condse Exposition of the General Prin- 
ciples of Magnetical Science, and the Purposes to which it has been applied. 
By -W. »fOW Harris, ifew Edition, revised and enlarged by H. M. 
Koab. Pb.D., Vioa-IVesideat of the Caemical Society, Anthor of "A 
Manual of Electricity,’* far., Stc. With zdS Woodcuts, js. 6d. 

U THE ELECTRIC TELEGRAPH; its History and PWrgress; 

, with Descriptions of some of the Apparatus. By R. Sabins, C JB., FJ 5 .A., ac. 

. BToodculs. 

X2. PNEUMATICS, for the Use of Beghmers. By Charles 
Tomunson. lUustimted* ss. dd. 

ye, MANUAL OP THE MOLLUSCA ; a Treatise on Recent and 
Fossil Sh^. ^ Dr. S. P. Wooowaro, A.L.S. With Aumdia by 
Ralph Tatb, A.L.S., F.O.S. Bumerous Hates aod yoo Woodcuts, 

ds^dd. Clolb boards, 7s.dd. 
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WKALB’S RUDIMENTARY SERIES. 


Pl^sical Science, Natural Philosophy, etCnt corUiftugd* 

PHOTOGRAPHY^ Popular Treatise on; with a Descriptioli 
the StereoscQpe, &e. Translated from the French of D. Van MoNCKHOVSNr 
hy W. H. Thornthwaitb^ Ph.D. Woodcuts, xs. 6d. 

, ASTRONOMY. By the Rcr. R. MAiif, M.A,, F.R, 9 -t ««. 
New and enlarged Kditien^ with an Appendia on ** Sp^trum Awytis.'* 
Woodcnts. IS. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of HydrostaucSt Hydrodynainioe« sad 
duentral horces. ByT. Baxbr, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks* Remembrancer* and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlareed : to which is appended. QUESTIONS on MAGNETISM. ELEC- 
TRICITY, and PRACTICAL *:%LBGRAPHY, for the Use of Students* 
^ W. McGrbgok* First Assistant Superintendent, Indian Gov. Telegraphs. 
Woodcuts. 3s. 

143. EXPERIMENTAL ESSAYS. By Charles Tobclinson. 

I. On the Motions of Camphor on Water. IZ. On the Motion of Camphor 
towards the Light. III. Histbryof the Modern Theory of Dew. Woodcuts, ss. 

173. PHYSICAL GEOLOGY, partly based on Major-General PoRt- 

lock's ** Rudiments of Geology.*' By Ralph Tatb. A«L.S., Ac. Numerona 
Wdkxlcuts. as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Pobtlock's ** Rudiments.’* By Ralph Tatb, A.L.S.. Rc. Woodcuts, as. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
^ Historical. Partly based on Major-General Portlock’s ** Rudiments of 
Geology.’* By Ralph Tatb, A.L.S., F.G.S., Itc.. he. Numerous lUustm- 
tions. In One Volume. 4s. 6d. 

1S3. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner, 

Or D.C.L., formerly Professor of Natural Philosophy and Astronomy Kn Uni- 

184 ISI'iSs With 520 Illustrations. In One Volume, cloth 

*1,* Soid also in Two Parts t as follows 
183. Animal Physics. By Dr. Lardnbr. Part 1 .. Chapter I^VIT. as; 

284. Animal Physics. By Dr. Lardnbr. Part II. Chapter Vlll— -XVIII. 3s. 


MINING, METALLURGY, ETC. 

X17. SUBTERRANEOUS SURFEYING, Elemental and Pradieal 
Treatise oil with and without the ACagnetic Needle. By Thomas Fbnwicb:, 
Surveyor of Mines, and Thomas Bakkr, C.E. Illustrated, as. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking. Mining, and Assaying Copper, and Manu&cturiag its Alloys. 
By Robert H. Lamborn, Ph.Ek Woodcuts, as. 6d. 

134. METALLURGY OF SILVER AND LEAD. A Desofetion 

of the Ores ; their Assay andTreatment, and valuable Coustituenta. By Dr. 
R. H. Lamborn. Woodcuts, as 

13$. ELECTRO-METALLURGY; Pkmetically Treated. By Alez- 
Andbr Watt, F.R.S.S A. New Edition, enlarged. Woodeats. as. dd. 
172. MINING TOOLS, Manual of. For the Use of Mine Managm, 
Agents, Students, See. Comprising Obsenrations on ^ Materia fioi^ and 
Froewues by, which they are mannfkctured ; their l^^ectal Uaea, Am^da- 
ttona, Qnalitica, and Efliciency. By William Moeoams, Xeclorar on Mining 
at the Bristol ^h^ of Mines, as. 

vtiP. MINING TOOLS, ATLAS of Eogiaeings to lUttStrftUr ttb 

•hove, containing 135 niustcatiotts of Mining Tools, dtawn Sc^. 

4s. 6d. 

7 , STATIONERS’ HALL COURT, LUDGATE, HILL, S.C. 
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WBALB’S RVOIMKMTARY SBfcIBS. 


MlniRgii Motaljlurgy, etc., j| . 

176. metallurgy or iron, a Treatise on the. Containmc 

.’Hiftoipfof Xim Mimvfacttire. Methods of Assay, and Analyses of Iron Ores, 
^*'**®**^^“^® of Iron and Steel, &e. By H. BAUsaifAN, F.G.S. 
£di|m, with numercms lUiistrations. 4s. 6d. 

; tSoi COAL 'A.^D COaL MINING: A Rudimentary Treatise in. 
By WAmmoTOif W. Shtth. M .A., 'F.R.S., ftc.. Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New ^itlon, revised 
With numerous Illustrations, js. 6d. 

I 9 S- the mineral surveyor Aim VALUERS S COM- 

PleBTS GUIDE, with now Traverse Tables; and Descriptions ofdimproved 
mdruments ; also the Correct Principles of Laying out and Valutna Mineral 
IVoperties. By Wiluam Lintbrn, Mining and Civil Engineer. ' With 
four Plates of DiogramSf Plans, Ac. 3s. 6d. [Nmo Ready, 

EMIGRATION. 

IS 4 - GENERAL HINTS TO EMIGRANTS. Containing Notices 

of various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, Ac., Ac. With Directicms and Recipes useful to ue 
Em&ant. With a Mm of the World, ss. 

tS 7 . the emigrants guide to natal. By Robert 

. Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. ss. 

. 159. THE emigrants GUIDE TO AUSTRALIA, South 

Wain, Wntetn Atuiraiia, South Auetraiia, Victoria^ and Queensiand. By 

. the Rev. Iambs Hairik BA.. Map. as. fid. 

160. THE EMIGRANT'S GUIDE TO TASMANIA and NEW 
ZEALAND. By the Rev. Jambs Baird, B.A. With a Map. ss. 
ly^UTHE EMIGRANTS GUIDE TO AUSTRALASIA. By tbe 
l6o. Rev. J. Baird, B. A. Comprising the above two volumes, cloth teards. 51. 


By 


AGRICULTURE. 

39. THE DRAINAGE OR DISTRICTS AND LANDS. 

O. Drvsdai.b Dkmpsby, C.E. Illustrated, ss. fid. 

, \* Wtik Dmtuogo of Tooms and But/dAggt,** tn Ono Voi„ yr. fisf. 

63. AGRICULTURAL ENGINEERING: Fnm BuUdings, Motive 

Powen uid MMliinery of tho Strmdinc, Field Machine*, and bnplement.. 

RR.. W A IP MSi *- — 1 * 


ny U* Andrrws, C.E. Illustrated, is. 

66 . CLAy lands and LOAMY SOILS. By Professor 

Donaldson, ss. 

Ijl. MILLER'S, MERCHANTS, AND RARMER'S READY 

KECKOKBR, for ascertaining at sight the value of any quantiw of Com, 
firom One Bushel to One Hundred Quarters, at any given price, from £t to 
jCSJter Qr. With approximate values of Millstones, Millwork, Ac. is. 

140. SOJZS, MANURES, AND CROPS. <Vol. i. Outlines of 
' Modbrn FARMiNaO By R, Scott Burn. Woodcuts, ss. 

14K EARNING AND FARMING ECONOMY, Notes, Historical 
Rttd PNMticRl, on. <Vo 1 . t. Ovtunrs or Modbrn Farming.) By R.dicorr 
Burn. Woodcuts, ss. ^ 

143. STOCK; CATTLE, SHEER, AND HORSES. (VoL 3. 

OltTUMM OT ItOBHIII FAMnHd.) Bv K. SCOTT BvaM. Woodcut.. JH. M. 
M5. DAIRY, RIGS, AND ROULTRY, Management of the. By 
R. SooTV Bobm. Witt NotH on the DiMine. of Stock. (Vok ,. Oimanss 

146. IRRIGATION, AND 

RXCLAMRTION OF WASTR LAND. (Vok 9. OeruHaa w MonaaN 
Farming.) ^ R. Scott Burm. Woodcuts, ss. ed. 


the French of Du Briuil, Revised by Gio. Guinwy. 187 Woodems . is^fidn 
tX>HDON : CROSBY lOCRWQOD AKD € 0 .> ^ 



WEAU’S RUmMEHTARY -SERIES. 


FINE ARTS. 

so. PERSPECTIVE FOR BECr/MVERS. Adapted to Yoans 

Students and Amateurs in Ardutectures Painting, Ac. By Gmomom Pvnb. 
Artist. Woodcuts, as. 

40 GLASS STAINING s or* Painting on Gla&s The Art of* Com- 

Sc prising: Directions for Preparing the Pigpientt and Pluses, laying ^em upon 
Aim Glass, and Firiner or Burning in the Colours. From the German of Dr. 
^ Cbsseut. To which is add^, an Appendis on Thb Art op Enamklung, 

« a^., with Thb Art op Painting on GtAss, From the German of Bmanobl 

•Otto Frombkro. In One Volume, ts. 6d. 

69. MUSIC^ A Rudimentary and Practical Treatiie on. With 

numerous EbbmIcs. By Charlbs Child Spbncbb. u. 6d. 

71. PIANOFORTE^ The Art of Playing the. With numerous Exer- 
cises ai^ Lessons. Written and Selected from the Best Masters, by Charlbs 
Child Spbncbr. ts. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 
Painting on Ivorr, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Oullick, assisted by 
John Timm, F.S.A. Third EdHkm, revised and enlarged, with Frontl^dece 
and Vignette, ss. 

186. A GRAMMAR OF COLOURING, appKed to l>ecorative 
Painting and the Arts. ^ Georob Fibld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Da viDsoN. Author of ** Drawing for Carpenters,*' Ac. With two new 
Coloured Diagrams and numerous Engravings on Wood. ss. 6d. 


ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS^ alWaHseon; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 
are concise^ Explained. By J. F. Hbathrr, M. A., of tne Royal Military 
.Academy, Woolwich. Original Eihtion, in i voL, Illustrated, is, 6d.' 

In orderiujfine abiwe, becare/ulio sa^, ** Original Hditionm* or j^ve the number 
in the Series (3a) to distinguish $t from the Bnlarged JSdition sm 3 fv/r. 

eof'LANE'A^VE ENGINEERING SURVEYING, a Traatis. on; 

with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students; also ror Practical Land Surveyors and Eng^neena By 
T. Harir, C.B. New Kdition, revised by Edward Muobiit, C.£. Illus- 
trated with Plates and Diagrams, as. 

ei^m READY RECXONER FOR TffE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thuiieigh, Beds. To which 
is added a Tabl& showing the Price of Work, fioro as. 6a. tO|f s per aefe, and 
Tables for the Valuation of Land, from xs. to j^x,ooo per acre, and from one 
pole to two thousand acres in eatent, Ac., Ac. is. 6d. 

DESCRIPTIYE GEOMETRY, au Elemeutaiy Treatise, on; 
with a Theoryof Shadows aftd of Perspective, extracted from the Frendi of 
G. Mongb. To which is added, a descriptien of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an hitroducCion to the 


Modes of Constructing Figures 
stniction of the Ground. By J. 


F. Hbatmbr, M.A. With sis WsMricuts. 

9. PROJECTION : Orthognpbic, Topograplilc» ancl Penupe^ve: 
giving ^e various Modes of Dddiieating Solid Fonns hg Construcfclotfi oh a 


giving toe various mooes ot j 
S ingle Plane Snr&ce. By T 

^kodhemikred eu / i r sss r sm/f 


TkoAhtm 


r. By J. F. Hbathbr, M.A. llmfm/mniunu 

umnmllftrmmCtmrtMrm BwannrAitv Couau ov. 

Mathbmatical paAWiMO. 
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^rtthmetiCf Geometry,, Mathematics, eXc.t continue. 

83. COMMERCl^ BOOK-KEEPING. With Commercial Phrases 
Fprai in Bofflitli, French, Italian, and German. By Jambs HaUdon, 
M«A«, Arithmetical Master of King’s College School, London, zs. 

. 84# ARITHMETIC^ z Rudimentary Treatise on: witli full Explana* 

*i®®**®^ its Th^retical Principles, and numerous Examples for Practice. For 
Schools and for Self-Instruction. By J. R- Touno, late Professor 
of Maditaattcs in Belfast College. New Edition, with Index, is. 

14** A B^v -to the above, containing Solutions In full to the Exercises, tcmther 
with Comments, Explanations, and Improved Processes, for th#U8e of 
TmheiB and Unassisted Learners. By J, Ra Yooac. is. 6d. 

85, EQUATIONAL ARITHMETIC^ applied to Questions of Interest, 
85** Annttitfe* Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86» ALGEBRA^ the Elements of. By James Haddon, M«A., 
Second ^Mathematical Master of ELing’s College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 

S 6 *« A Kbv and Companion to the above Book, forming an extensive repositoxy of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Alcabraical Operations. Especially adapted for Self-Instruc- 
tion. ByJ.R.VouNo. isrSd. 7 p 

88« EUCLID^ The Elements of : with many additional Propositions 
89. end Explanatory Notes : to which Is prefixed, an Introductory Essay on 
Logic. By HBNRy Law, C.E. as. fid. 

Sold also separately t wz» : — 

88. ‘ Euclid, The First Throe Books. By Hbnry Law, C.E. xs. ' 

89. Sveuo, Books 4, 5, fi, 11, za. By KsNay Law, C.E. zs. fid. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master or 
Kitm's College School, London. A New Edition, re-written > and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, as. 

91. PLANE TRIGONOMETRY, the Elcmente of. By James 

Hann, formerly Mathematical Master of King’s College, London, zs. 

98. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Cuaklbs H. Dowling, C.E. zs. 

Or with The Elements of Plane Trigonometry^^ in One Volume, as. 

93. MENSURATION AND MEASURING, for Students and FTac 

tical Use. With the Mensuration and Levelling of Land for the Purposes or 
Modern Engineering. By T. BAma, C.B. New Edition, with Corrections 
and Additions by E. Nuoknt, C.E, Illustrated, zs. fid. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

lacUitating Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations; Tables of Natural Sines and Tangents and Natural Cosines. By 
Hbnby Law, C.£. Illustrated, as. fid. 

loi*. MEASURES, WEIGHTS, AND MONEYS OP ALL NA- 

T/ONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B* Woouiousb, F Ac. is. 6 d, 

tQ8. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, BJk. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By Jambs Hann, 

late of Kinifs College, London. lUustrated. zs. 

10I. DIFFERENTIAL CALCULUS, ct fhit. l^W. S.B. 

Woouiousb, F.R JLS., Ac. zs. fid. 

104. DIFFERENTIAL CALCULUS, Examples and SolutioiiB of the. 

By Jambs Haodon, M.A. zs. 


LONDON : CROSBY LOCJCWOOD AND CO., 




YHSALtf S KXJDIHBNTARY SERIES. 


tl 


iLritbmetic^ Geometry, Matliematlcs, etc., eotUmued. 

toi^ Jfl/EJkrONICAL LESSONS. — Geometry, Amkbra, and 

Tjuoonomxtry, in Easy Mnemonical Lessons. By the Rev. Thomas 
P amrNGTOM Kirkman,.M.A« is. 6d. 

.ijA ARITHMETIC^ Rudimentary, for the Use of Schools and Self- 
InstnictioB. By Jambs Haddon, MA. Revised by Abraham Arman. 

IS. 6d. 

137. A Kby to Haddon's Rudiubntarv Arithhbtic. By A. Arman, is. 6d. 
arithmetic^ Stepping-Stone to; being a Complete Course 
of Ezercim in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman, is. 

S4S. A Kby to Stbppino-Stonb to Arithmbtic. By A. Arman, is. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

lull, easy, and sixnplo Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C«B. With a 
Slide Rule in tuch of cover, js. 

I68< DRAWING AND MEASURING INSTRUMENTS. Include 
iaa~I. Instruments emplwed in Geometrical and Mechanical Drawinffr 
and in the Construction, Copying, and Measurement of Maps and Plans. 

Instruments used for the pur^scs of Accurate Measurement, and for 
Arithmetical Computations. Ry J. F. Hsathbr^ M.A^ late of toe Royal 
Military Academy. Woolwich, Author of ** l>escnptive Geometry/* Ac., Ac. 
Illustrated, xs. 6d. 

169. OPTICAL INSTRUMENTS. Including (more mecially) Tele* 

scopes, Microscopes, and Apparatus for producing copies ot Maps and Plans 
by Photojp'aphy. By J. F. Heather, M.A. Illustrated, is. od. 
ifo. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including— I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Obsenra- 
tions. By J. F. Hxathkr, M.A. Illustrated, 'xs. 6d. 

Tkt above three voiutnea form an eniargtmeni of the Author^ e eriginai work^ 
** Maihemaiical Instruments: their Construction^ Adjustment^ 7esting,and Use, 
the Eleventh Edition of which is on sale, price is. 6a. {See No. 32 in the Series.'^ 

z^'^MATJIEMATICAL INSTRUMENTS. By I. F. Heather, 

36^ e M A. Enlarged Edition, for the most part entirely re-Wnlten. The 3 Parts as 

170. J above, in One thick Volume. With numerous Illustrations. 42. 6d. 

185. THE COMPLETE MEASURER ; setting forth the Measure- 

ment of Boards Glass, Ac., Ac. ; Unequal-sided, ^uare-sided. Octagonal- 
sided. Round Timber and Stone, and Standing Timber. With a labia 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for the accommodation of Timber-growers, Mor- 
I chants, and Surveyors, Stonemasons, Architects, and others. By Rich ard 
Horton. Third Edition, with valuable additions. 4s. 

196. THEORY OP COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, Ac. By FRdor Thoman, of the .Socif*td Crddifc 
Mobtlier, Paris. 4s. s ready. 


LEGAL TREATISES. 

SO. THE LAW OF CONTRACTS FOR WORKS AND SER. . 
VICBS. By David Gibmim. llilrd Edhion, teviwd Mid coniderably ; 
wbTg.d. ]*. poMMud. 

1ST. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DtrSrX/At A* PROVIDENT BUILDING A* LOAN SOCIBTIBS. 
'With copiooi Notes. By NATaAMM. Wnrs,' of H JC. Chril Senrico. m. 
THE LAW OF PATENTS FOR INVENTIONS; ud on ; 
the Protection of Deeigna and Tiado Maik.. By P. W. Camhm, BarriMor* j 
at>law. M. 

7, stationers’ haul court, DUDGATE tau., £.C. 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

II. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philolosy. By Uyok 
Clarkb, D.C.L. Third Edition, zs. 

I i*e Philology : Handbook of the Comparative Fhilolo^ of English*. 
Anelo-Saaon, Frisian, Flemish or Dutch, Xow or Piatt Dutch* High Dutch 
or German* Danish* Swedish* Icelandic* Latin. Italian* French* Spanish* aadt 
Portuguese Tongues. By Hydb Clarks, D.C.L. zs. 

lejeDictionary of the English Eanguageg as Spoken and 
Written. Containing above 100*000 Words. By Mydr Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar* cloth bds.* ss.6d. 

48. Composition and Punctuation* familiarly Explained for 

those who have neglected the .Study of Grammar. By Justin Brbnan. 
16th Edition, js. 

49* Derivative Spelling-*Book : Giving the Origin of Every Word 
from the Greek, Latin. Saxon, German* Teutonic* Dutch* French, SfianUh*. 
and other Languages ; with their present Acceptation and Pronunciation, 
By J. Kowhotham, F.K.A.S. Improved JSdition. is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit* the 

Senate, and the Bar. By lif. BAt*rAiN, Virar-Gencral and Professor at tho- 
Sorbonne. Translated from the French. Sixth Edition* carefully corrected. 
A.6d. 

52. Mining and Quarrying* with the Sciences connected there- 

with. Book of* for Sebo^s. By J. H. CoLLiNS* F.O.S.* Lecturer to 

the Miners* Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography*. 

for Candidates in Public and Private Examinations. By the Rev. Kdg\r 
^ Rand, B.A. is. 

54. Analytical Chemistry* Qualitative and Quantitative* a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and NoLation. l3y Wm. W. Pink* Practical Chemist* &c.* and Gkorgb 
£. Wbiistlk* Lecturer on Metallurgy and the Applied Sciedees* Notting- 
ham. as. 

THE SCHOOL MANAGERS’ SERIES OF READING 

BOOHS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant^ 
Rertor of Hitcham* and Honorary Canon of Ely* formerly H.M. Inspector 
of Schools. 

Introductory Primer* 3a , 

s . d . I r. 

First Standard . . o 6 I Fourth Standard • . • z a 

Second *, . • o xo I Fifth ,* . . . . z 6 

Third „ . . 1 o | Sixth ** . . . . z 6 

Lessons from the Bible. Part I. Old Testament, zs. 

Xj»son3 from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible* for very :^uDg Children. By Rev. C. 
Trornton Forster. ^ is. ad. %* Or the Two Parts in One Volume, as. 

FRENCH. 

24. French Grammar. With Complete and Conefoe Riilea on the 

Genders of French Nouns. By G. L. Strauss* Ph Ji>. zs. 

25. French-^English Dictionary. Comprising a large number of 

Mew Terms used in Engineering* Mtnl&g* on Railways* Uc. By Alfred 
. Blwbs. zs. 6d. 

36. English-French Dictionary. Alfred Elwbs. 2s. 
25*26. French Dictionary (as above). Complete, in One VoL, 38. ; 
cdotb boards* 3*- fid. *** Or. with the Grammar, cloth boards* 4s. dd. 
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French, cotUinued. 

47* French and Fr^Ush Phrase Book : containing 

dttctory LeMOfui|With Trantlatiotit, for tbe convenience of Students ; several 
Vocabularies of Words, a Collection of suitable Phrases, and Eaqr Eaeiiliar 
Dialogues, as. 


Intri- 


GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse*s Theoretical and Practical Urammar, by Dr. G. L. Strauss, xs. 

, 46. German Reader : A Series of Extracts, carefully cuUed fixgn- the 
inost approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

41. German Triglot Dictionai^. By Nicholas Estbehazy, 

S. a. Hamilton. Parti. English-German-French, xs. 

42. German Triglot Dictionary. Part II. Genntn-<French- 

English, xs. 

43. German Triglot Dictionary. Part III. French-German- 

English. xs. 

41-43. German Triglot Dictionary (as above), in One Vol., 3s. ; 

cloth boards, 4s. Or with tho Gbkman Grammar, cloth boards, 5s. 


ITALIAN. " 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of KxcrcMcs. By Alfred Elwrs. xs. 

28, Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrisd Elwrs. 
Vol. I. Italian -English-French, as. 

30. Italian Triglot Dictionary. By A. Elwss. Vol. 2. 

Knglish-French-Xtalian. as. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

Krpnch-Italian-English. as. 

r8,3o, Italian Triglot Dictionary (as above). In One Vol., 6s. ; 

5a. cloth boards, 7s. 6d. Or with the Itauan Grammar, cloth bds., 8s. 6d. 


SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Kxercises, By Alfred Elwrs. xs. 6d. 

35. Spanlsh-English and English-Spanish Dictionary. 

Including a large number of Technical Terms usesd in Mining, Engineering, ftc., 
with tho proper Accents and the Gender of every Noun. By Autrro Elwrs. 
4s. ; cloth boards, 5s. Or with the Grammar, cloth boards, 6s. 

5$. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of Exercises. By Alvrrd Elwrs, Author of ** A Spanish 
Grammar,** 8ic. xs, 6d. ^ [Jusi putHsMed. , 


HEBREW. 

46*. Hebrew Onunmar. By Dr. Bressulv. ic. 6d. 

44. Hebrew and BngUsh Dlotionary, Biblioal and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brrsslau. 6s. Or with the Grammar, 7s. 

46. English and Hebrew Dictionary. By Dr. Basssi.AO. 3s. 
4446. Hebrew Dictionary (as above), in Two Vok., comide^ with 

46*. Om OnAincAB. clatih boarm, iM. 
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’ \ LATIN. 

19. Latin Grammar. Containing the Inflections and, Elementury 
Mnciplet of Translation and Construction. By the Rev. TaoicAS GoODWur, 
M.A., Head Master of the Greenwich Proprietary School, is. 

•20. Latin-English Dictionary. CompOed from the best Autbo* 

rities. By the Rev. Thomas Goodwin, M.A. ss. 

22. English- Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. xs. 6d. 

ao,224Latin Dictionary (as above). Complete in One Vol.s 32* 6d. ; 

cloth boards, 4s. 6d. Or srith the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors^ 

with Genealogical Vocabularies and Explanatory Notes, by Hbnrv Youno, 
lately Second Master of the Royal Grammar School, Guildford, xs. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the U^e of Schools, by H. Young, as. 

’ 12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 
Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. xs. 

14. Cigeronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 
citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. as. 

3. Cornelius Nepos. With Notes. Intended for •the Use of 

Schools. ByH. Young, is. 

'6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

# Youno. xs. 6d. 

7. Horace; Satires, Enif^tles, and ArsPoetica. Notesby W. Browk- 

RiGG Smith, M.A., F.R.G.S. xs. 6d. * 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

Kscott, R.A., Lecturer on Logic at King’s College, London, xs. 6d, 

16. Livy : History of Rome. Notes by H. Young and W. B, Smith, 

M.A. Part x. Books i., ii., xs. 6d. 

'i6^. — Part a. Books iii., iv., v., is. 6d, 

17. Part 3 Books xxi., xxii., xs. 6d. 

8. Sallustii Clispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by W. M. Donnb, B.A., Trinity College, Cambridge . 
xs. 6d. 

<!€?. Terentli Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

9. Terentii Andrta et Heautontimorumenos. With Notes, Critical 

and Explanatoo’f by the Rev. Jambs Davibs, M.A. xs. 6d. 

II. Terentli Eunuchus, Comoedia. Edited, with Notes, by the Rev. 

* Jambs Davibs, M.A xs. 6d. Or the Adelphi, Andria, and Eunuchus, 
3 vols. in t, cloth boards, 6% 

4* Virgllii Maronis BucoHca et Georgica. With Notes on the Buco- 

lics by W. Ruskton, M.A., and on the Georgies by H. Young, xs. 6d. 

5. Virgllii Maronis JEnch^ Notes, Critical and Explanatory, by H. 

Youno. as. 

so. I.attn Verse Selections, from Catiilliis, TibnUss, PrmetthH, 
and Ovid. Notes by W. B. Donnb, M A., Trinity College, Cambrldgo. m* 
2 <K Latin Prose Selections, from Varro, Columella, VitnrriiiB, 
Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maaimits Sooto- 
niiis, Apmeitts, Sec. Notes by W. B. Donnb, M.A. as. 

Other Volmmee Mr Prefmfmiien. 
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GRSEK. 

- I 4 > CnwlL Grammar, in accordance mt& the Principles and Phiio* 
Ipgical Itnearclie* of the most eminent Scholars of onr own day. By Hans 
CtADDB Hamilton, ss. 6d. 

I5^l7*'G3rMk JLexlcoau Containing all the Words in General Use, wi*h 
their Significations, Inflectiont. and Doubtful Quantities. By Hbnky 
Hamilton. Vol. x. Greek- English, as. ; Vol. 2. English-Greek, as. Or the 
Two Vdls; in One, 4s. : cloth boards, 5s. 

f4»fS«Oraek Xahxicon (as above). Complete, with the Grammar, in 

,17. One VoL, cloth boards, 6s. 

GRXEBK CLASSICS. TVIth Explanatory Notes in Englisk. 

X. Grdek Delectus. Containing Extracts from Classical Authors, 
with' Genealogical Vocabularies and Explanatory Note^ byH. Youno. New 
Edition,with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High SSchool, Glasgow, zs. 

. ja .iSSschylus : Prometheus Vinctus : The Prometheus Bound. From 
tho Text of DiNDOEPa Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jamks Daviks, M.A. is. 

31. wi&SChylus : Sratem Contra Thebes : The Seven ajrainst Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and £x- 
planatoiy, by the Rev. Jambs Davixs, M.A. zs. 

4a Aristophanes : Acharnians. Chiefly from the Text of C. H. 

WxtSB. With Notes, by C. S. T. Townsubnd, M.A. is. 6d. 
a6. Euripides : Alcostis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milnbb. B.A. zs. 


S3. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
ooRf. With Notes, Critical and Explanatory, by W. Brownhiqq Smith, 
M.A., F.R.G.S. zs. 6d. ; 

l4«l7*HerodotuS. The History of, chiefly after the Text of Gaisford. 
With Psbtimiwiy Observatfous and Appendices, and Notes, Critical and 


Explanatory, by T. H. L. I^ai^. M.A,, D.C.L. 
Part z. Books i., it. (The Clio and £uton>e), 
Books ill., iv. (Tho Thalia and Mel] 
Books v.-vii. (The Ti 


lpomeoc)p as. 


Part Books v.-vii. ('rhe Temichore, Erato, aad Polyronia), as. 

Part 4. Books viii., ix. (Tho Urania and Calliope) and index, is. 6d. 

Homer, The Works of. According to the Text of Bakumlein. 

With Notes, Critical and Explanatory, drawn from tho best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lsarv, M.A., D.C.L. 

XHb Iliad: Parti. Books i. ton.. xs.6d. 

Part a. Books vii. to xa., is. 6d. 


S-ia. 


Part 3* Books xiii. to xviii., is. 6d. 
Part 4. Books xix. to xxiv., is. 6d. 
Part 3. Books xiii. to xviii., 1^ 6d. 
Part 4. Books xix. to xxiv., and 
l^mns, as. 

The Text carefully revised, with 


Ths OagHay : Part 1. Books I. to vi.^ is. 6d. 

^ Part a. Books vii. to xii., is. 6d. 

4. X.ucian’8 Select Dialogues. ^ ^ 

Grammatical and Explanatory Notes, by H. Youno. is. 

It. Plato's Dialogues: The Apology of Soentes, the Crito, an 4 

^ UiePhado. From the Text <* 1 C. F- Edited wlA Note., Critical 
and Explanatory, by tho Rev. Jamu DxyiBa, as. 

l8e Sophocles • QEaipus Tj^nsus. Notes by H. Youno. is. 

SO. Sophocles : Antigone. From the Text of Dindorf. Notes, 

Critical and Exphmatofy, by tho Rw. loHN Mumrr. BA. ^ 

^1. Thucydides : Histoiy of the Peloponnes i an War. Notes by H. 

t eh. The Retreat of the Ten Thousand. 

^ H. Youno. Fart z. Books i. to Ui., 

4Se Xeno^io 5 ?^^axS^’rld^ AgesllauSs Notes and Intro- 

dttctkmby Jju F. W. Jbwitt. z».6d. ^ ^ 

49* OfAar KeAiaim onr mt P'^m/reii. 
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